HEART. 

A    JOURNAL    FOE    THE   .STUDY   OF 
THE    ClKCLTLATiON. 

EDITED    BY 

THOMAS    LEWIS,    M.D., 


AIDED     IN     THE     SELECTION     (»E     PAPERS     BY 
Dr.  W.  H.  Gaskell. 


Prof.  A.  R.  CusHNY  (London) 
Dr.  Leonard  Hill  (London). 
Dr    J.  Mackenzie  (London). 


Prof.  \.  W.  Hewlett  (Ann  Arbor). 
Prof.  G.  N.  Stewart  (Cleveland). 


WITH     THE     COLLABOIiATION     OF 


Prof.  J.  G.  Ada^ii  (Montreal). 

Sir  T.  Clifford  Allbutt  (Cambridge). 

Prof.  W.  M.  Bayliss  (London). 

Dr.  C.  Bolton  (London). 

Prof.  J.  R.  Bradford  (London). 

Dr.  W.  Langdon  Brown  (London). 

Sir  Ladder  Brunton,  Bt.  (London). 

Dr.  W.  J.  Calvert  (Dallas). 

Prof.  A.  J.  Carlsox  (Chicago). 

Dr.  Alexis  Carrel  (New  York). 

Dr.  A.  E.  CoHN  (New  York). 

Dr.  C.  M.  Cooper  (San  Francisco). 

Dr.  John  Cowan  (Glasgow). 

Prof.  George  W.  Crile  (Cleveland). 

Prof.  Harvey  Gushing  (Baltimore). 

Dr.  George  Dock  (New  Orleans). 

Prof.  W.  EiNTHOVEN  (Leyden). 

Prof.  J.  Eklanger  (Madison). 

Dr.  A.  G.  Gibson  (Oxford). 

Dr.  G.  A.  Gibson  (Edinbiirgli). 

Dr.  A.  M.  Gossage  (London). 

Prof    F.  GoTCH  (Oxford). 


Prof.  T.   Wardrop  Griffith  (Leeds). 
Prof.  Ch.  C.  Guthrie  (St.  Louis). 
Dr.  J.  Hay  (Liverpool). 
Prof.  Y.  Henderson  (New  Haven). 
Dr.  W.  P.   Herringham  (London). 
Dr.  A.  1).  Hirschfelder  (Baltimore). 
Prof.  Ch.  F.  Hoover  (Cleveland). 
Prof.  Wji.  H.  Howell  (Baltimore). 
Prof.  T.  C.  Janeway  (New  York). 
Prof.  A.  Keith  (London). 
Prof.  J.  A.   MacWilliam  (Aberdeen). 
Dr.  S.  J.  JIeltzer  (New  York). 
Prof.  Joseph  L.  Miller  (Chicago). 
Sir  R.  Douglas  Powell,  Bt.  (London). 
Dr.  W.  T.   Ritchie  (Edinburgh). 
Prof.  Torald  Sollmann  (Cleveland). 
Prof.  E.  H.  Starling  (London). 
Prof.  Graham  Steell  (Manchester). 
Prof.  W.  S.  Thayer  (Baltimore). 
Prof.  A.  D.  Waller  (London). 
Prof.  G.  8.  Woodhead  (Cambridge). 
Sir  Almroth  E.  Wright  (London). 


Vol.  l 

1  9  O  9  - 1  9  1  O 


XonDon : 

Shaw  &  Sons,  Fetter  L.\ne,  Fleet  Street,  E.C. 


'KC 

6SI 
filHc 
V    I 


ERRATA. 


Page  4.  Four  lines  from  bottom.  '  C'aish  and  Dunstan  mention  that  the  auricle  often  beats  in 
1  :  2  rh_\-thm,"  etc.,  to  read  '"  Cash  and  Dvmstan  suggest  the  possibility  of  reversion 
occurring  under  aconitine  in  reference  to  another  form  of  irregularity  observed  by 
them." 

Page  22.     Reference  11.     "  Hoffmann  "  to  read  "  Hofmann  "  ;  insert  page  1 30. 
Reference  14.     ^'  lft07.  iv,  1,"  to  read  "  1907,  iv.  681." 

Page  38.     Headline.     "  Nodal  rhythm  "  to  read  "  Xodal  Bradycardia." 

Page  42.      Lines  1  and  2.     "  cava  wall,  of  the  right  auricle  and  "  io  read  "  cava  wall  of  the  right 
auricle,  and  " 

Page  Ut).     HeadHne.       '  Alternation  of  the  .\rRici.E  "  to  read  "  .\lternation." 

Page  138.      Line  2.      "  alterative  "'  to  read  "  alternative." 

Page  ItSti.     Reference  22.       '  Therap.  Gazette  "  to  read  "  ibid." 

Page  2.52.     Four  lines  from  bottom.      "  later  development  of  the  base  "  to  read  "  later  developed 
base." 
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TREFATORY    NOTE. 


YEAR  by  year  as  the  Twentieth  Century  rolls  on  it  becomes 
evident  that  the  experimental  sciences  of  Physiology,  Pathology, 
and  Pharmacology  are  more  and  itiore  directly  influencing  the  study 
and  practice  of  medicine.  Slowly  but  surely  the  methods  which  have 
proved  of  value  in  the  laboratory  are  becoming  a  matter  of  routine 
practice  in  the  hospital  for  purposes  of  diagnosis  ;  slowly  but  surely 
the  results  of  experiments  gained  in  the  laboratories  are  being  applied 
to  man.  IMedical  study  is  losing  its  empiric  character,  and  is  founding 
itself  on  the  well  ascertained  facts  of  Physiology  and  its  cognate 
sciences,  Pathology  and  Pharmacology.  More  and  more,  then,  is  it 
of  Adtal  importance  for  the  medical  man  to  keep  in  touch  with  the 
workers  in  the  laboratories,  and  to  apply  the  most  recent  knowledge 
gained  by  them  directly  to  man. 

In  all  such  problems  as  those  connected  with  sensations  of 
different  kinds  it  is  clear  that  we  have  to  rely  directly  upon  clinical 
observation. 

It  is,  therefore,  most  advisable  for  further  progress  that  each 
of  these  two  classes  of  investigators  should  be  enabled  to  ascertain 
what  the  other  is  doing  in  the  easiest  possible  way.  In  the  case 
of  the  nervous  system  the  end  required  has  been  accomplished  by 
the  formation  of  the  Neurological  Society,  and  the  publication  of 
the  journal  "  Brain." 

It  is  felt  by  an  increasing  number  of  workers  especially  interested 
in  the  investigation  of  problems  connected  with  the  heart  and 
circulatory  system  that  the  tinie  has  come  for  the  publication  of  a 
journal  devoted  entirely  to  these  subjects. 


vi.  P  RE  F  AT  ORY    N  OT  E. 

The  book  on  the  Heart  recently  pubhshed  by  Mackenzie  has 
aroused  the  interest  of  medical  men  by  showing  the  importance  of 
accurately  studying  by  the  graphic  method  the  condition  of  the 
heart  and  circulation  in  man  himself,  and  how  by  the  aid  of  the 
knowledge  obtained  in  the  laboratories  curves  so  obtained  may  be 
interpreted.  Recent  invention  and  observation  have  opened  up  a 
wide  field  for  further  investigation  of  the  fluctuations  of  arterial 
blood  pressure,  which  occur  in  man,  and  their  relation  to  health 
and  disease. 

The  Journal  will  be  of  great  value  to  the  medical  man,  as  it 
will  focus  together  the  work  of  the  laboratory  and  the  work  of  the 
hospital  ward,  and  to  the  physiologist,  because  during  his  investiga- 
tions it  will  keep  ever  present  to  his  mind  the  nature  of  the  problems 
which,  in  the  opinion  of  the  medical  man,  are  pressing  urgently  for 
solution.  Such  a  co-operation  between  those  interested  in  the 
physiological  and  cUnical  aspects  of  the  problems  connected  with  the 
circulation,  as  is  implied  in  the  starting  of  the  Journal,  will,  I  feel 
sure,  be  so  heartily  welcomed  amongst  English-speaking  nations, 
as  to  ensure  the  success  of  the  Journal. 

W.    H.    GASKELL. 


EDITORIAL    PREFACE. 


TT  has  been  decided  that  it  is  now  essential  that  those  specially  seeking 
new  facts  and  new  conclusions  relating  to  hsemodynamic  problems 
should  reap  the  advantages  of  a  special  Journal,  in  which  such  facts 
and  the  conclusions  drawn  from  them  may  be  placed  on  record. 

This  resolve  comes  from  the  conviction  that  students  of  the  circulation 
are  now  seriously  hampered  in  their  work  by  the  difficulty  of  keeping  in 
touch  with  the  i>apers  that  appear,  so  widely  scattered,  in  the  various 
publications  of  more  general  scope. 

The  Journal  affirms  a  single  object,  the  progress  of  knowledge  of  the 
mechanism  by  which  the  blood  circulates  in  health  and  disease.  A  closer 
union  of  thought  amongst  workers  in  the  separate  branches  of  medical 
science  must  contribute  to  the  attainment  of  this  end. 

To  know  the  pumiJ,  which  Har%'ey  revealed  to  us,  more  intimately  ;  to 
understand  more  definitely  the  forces  which  regulate  its  action,  and  the 
mechanism  by  which  it  distributes  the  constant  stream  of  blood,  bathing 
and  feeding  the  tissues  of  the  body  ;  to  determine  the  causes  which  impair 
the  circulatory  functions  ;  to  see  more  clearly  the  means  of  prevention  and 
the  remedies  which  palliate  where  injury  to  the  heart  or  vessels  is 
concerned  ;  such  is  the  scope  of  this  Journal.  The  field  is  sufficient  for 
many  workers. 

The  Journal  requires  communications,  containing,  above  all.  original 
and  carefully  ascertained  facts,  and  conclusions  consonant  with  such  facts 
and  previous  observations.  By  a  record  of  fact  and  the  statement  of  new 
principles  progress  will  be  ensured. 

The  advances  of  recent  years  are  largely  indebted  to  Gaskell  and  his 
work  for  their  initiation,  and  this  Journal  heartily  appreciates  the  message 
he  sends  it  as  it  takes  the  first  step  on  its  course. 


THE  IRREGULARITIES  OF  THE  MAMMALIAN  HEART  OBSERVED 
UNDER  ACONITINE  AND  ON  ELECTRICAL  STIMULATION. 

By  ARTHUR     R.     CUSHNY. 
(From  the  Pharmacological  Laboratory .  University  College,  London.) 

In  1897,  the  irregularities  of  the  heart  under  aconitine  were  examined  in 
my  laboratory  by  Matthews'-,  who  demonstrated  that  in  addition  to 
stimulating  the  inhibitory  mechanism,  aconitine  has  a  direct  action  on  the 
heart  muscle  whose  increased  irritability  is  indicated  by  extrasystoles 
in  the  ventricles,  and  sometimes  by  independent  rhj'thm  in  these  chambers. 
Almost  simultaneously  « ith  Matthews,  Cash  and  Dunstan'  described  these 
features,  and  noted  in  addition  that  the  auricle  sometimes  beat  in  only 
half  the  rhythm  of  the  ventricle.    Several  other  irregularities  were  observed. 

The  renewed  interest  in  the  irregularities  of  the  heart  suggested  that 
the  examination  of  those  observed  under  aconitine  might  throw  some  light 
on  some  of  the  clinical  forms,  and  with  this  object  I  have  performed  a  number 
of  experiments  on  animals  with  direct  methods  of  recording  the  cardiac 
movements.  In  the  course  of  the  work  it  became  necessary  to  observe  the 
effects  of  electrical  stimulation  of  the  heart,  and  these  observations  have 
been  incorporated  in  this  paper. 

The  movements  of  the  heart  were  recorded  by  means  of  a  modified 
Roy-Adami  myocardiograph'-  attached  to  the  right  auricle  and  ventricle, 
so  that  a  simultaneous  record  of  the  contractions  of  these  two  chambers 
was  obtained.  The  systole  is  recorded  by  a  down  stroke,  the  diastole  by  an 
upstroke  in  the  tracings  taken  by  this  method.  The  upper  tracing  is  from 
the  ventricle  in  all  the  figures,  the  lower  from  the  auricle.  The  time  signal 
marks  i  second.  The  experiments  were  made  on  dogs  anaesthetised  with 
morphine  (subcutaneously)  and  paraldehyde  [per  os),  and  sometimes  with  a 
small  amount  of  chloroform  in  addition.  The  carotid  pulse  was  generally 
recorded  by  Hiirthle's  manometer,  and  aconitine  was  injected  into  the 
jugular  or  saphenous  vein  in  -05  mg.  doses.  The  vagi  were  cut  in  order 
to  avoid  the  effects  of  the  preliminary  central  stimulation.  Tracings  were 
taken  by  Brodie's  kymograph,  which  was  arranged  to  run  at  a  slow  rate 
during  most  of  the  experiment,  but  the  speed  of  which  was  much  accelerated 
at  intervals  so  as  to  admit  of  the  accurate  analysis  of  any  new  phenomenon. 

As  a  rule  irregularity  was  induced  by  about  0-2  mg.  of  aconitine 
hydrochloride.  In  one  case  in  which  atropine  had  been  injected  previously 
0-4  mg.  was  required,  and  in  another  in  which  the  heart  was  weakened  by 
long  exposure,  a  larger  amount  than  usual  was  also  required.     The  forms 
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of  irregularity  were  very  varied  in  different  animals  and  in  successive  phases 
in  the  same  dog,  agreeing  only  in  the  final  fibrillation.  Among  these  different 
forms,  however,  certain  types  were  presented  to  which  most  of  the  otl^ers 
approximated  more  or  less  closely,  and  those  types  will  be  described  here. 

Reversal  of  beat.     In  nearly  half  of  the  exjjeriments  the  first  irregularity 
that  occurred  was  a  sudden  change  in  the  direction  of  the  cardiac  impulse, 
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the  ventricle  beating  before  the  auricle  and  imparting  to  the  latter  the 
impulse  in  response  to  which  it  contracted.  This  reversed  beat  induced 
surprisingly  little  change  in  the  character  of  the  tracing,  the  most  noticeable 
alteration    consisting   in    a    slight    weakness    of   the    auricular   contraction 
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accompanied  by  a  more  or  less  well-marked  fall  in  blood  pressure.  The 
rate  of  the  heart  was  Uttle  if  at  all  accelerated,  and  the  movements  of  both 
chambers  were  perfectly  regular  in  rhythm.  On  watching  the  movements 
of  the  writing  levers  at  this  time,  one  got  the  impression  that  they  descended 
simultaneously  instead  of  the  auricular  preceding  the  ventricular.  And  on 
measuring  the  interval  between  the  auricular  systole  and  the  next  ventricular 
one  (A-V  interval)  a  great  change  was  noted.  Thus  in  the  experiment  from 
which  Fig.  1  is  taken  the  auricle  normally  preceded  the  ventricle  by 
0-07-0-08  sec,  while  after  the  reversal  the  ventricle  preceded  the  auricle  by 
0-08-0-09  sec,  so  that  the  conduction  in  the  reversed  direction  was  shghtly 
slower  than  in  the  normal.  In  none  of  my  experiments  did  this  reversal 
occur  while  the  drum  was  running  fast,  and  it  is  impossible  to  analyse  the 
phenomenon  accurately  with  slow  running  drums.  In  two  instances, 
however,  the  change  occurred  during  a  comparatively  short  interval  of  slow 
drum  (Fig.  1),  and  the  beats  could  be  counted.  In  these  the  ventricle  was 
found  to  have  contracted  once  less  than  the  auricle.  It  is  obvious,  therefore, 
that  in  these  cases  an  impulse  descending  from  the  auricle  aroused  the 
ventricle  to  contraction,  and  from  this  a  wave  returned  to  the  auricle  and 
caused  an  auricular  beat.  The  auricle  then  remained  quiescent  until  a  second 
impulse  from  the  ventricle,  which  had  assumed  its  own  independent  rhythm, 
again  aroused  it. 

The  fact  that  the  ventricular  systole  occurs  before  the  auricular  is  not, 
of  course,  irrefragable  proof  that  the  rhythm  is  reversed,  for  it  maj'  be  urged 
that  the  change  is  due  to  extreme  slowness  in  the  conduction  through  the 


Fig.  2.  X  i  linear.  Reversal  under  aconitine  from  same  heart  as  Fig.  1.  The  auricle  continues 
to  follow  the  beat  of  the  ventricle  and  reflects  the  irregularity  of  its  rlij-thm.  The  cross 
lines  on  the  auricular  tracing  correspond  in  time  to  the  beginning  of  ventricular  systole. 


auriculo-ventricular  bundle,  the  impulse  from  one  auricular  systole  only 
reaching  the  ventricle  immediately  before  the  next  contraction  of  the  auricle 
begins.  In  the  instance  given  above  this  would  necessitate  the  A-V  interval 
changing  from  007-0-08  sec.  to  0-66  sec,  but  this  does  not  seem  impossible. 


4  A.    R.    CUSHNY. 

In  some  experiments  this  doubt  could  not  be  altogether  resolved,  but  in 
that  from  which  Fig.  1  is  taken,  and  in  several  others,  irregularities  in  the 
ventriciilar  rhythm  which  occurred  later  were  faithfully  copied  by  the 
auricle,  so  that  no  further  question  is  permissible.  Thus,  after  the  rhythm 
given  in  the  later  part  of  Fig.  1  had  persisted  for  some  20  minutes,  some 
quicker  contractions  occurred  in  the  ventricle,  and  were  immediately 
followed  by  the  auricle  (Fig.  2),  and  the  V-A  interval  remained  approximately 
equal  though  it  was  slightly  shorter  after  the  longer  pauses,  apparently  from 
the  conductivity  of  the  A-V  fibres  having  longer  time  to  recuperate.  Later 
in  this  tracing,  the  quick  contractions  of  the  ventricle  became  more  numerous, 
as  many  as  5  or  7  intervening  between  the  slower  beats,  but  the  auricle 
continued  to  follow  the  rhythm  exactly.  Still  later,  the  ventricle 
assumed  this  quicker  rhythm  entirely,  the  auricle  following  suit.     A  gradual 


Fig.  3.  X  J  linear.  Reversal  under  aconitine  ;  from  same  heart  as  Figs.  1  and  2.  The  auricle  now 
beats  only  half  as  fast  as  the  ventricle.  The  smaller  oscillations  on  the  auricular  tracing  are 
due  to  the  mechanical  shock  of  the  ventricular  movement.  In  Figs.  1,  2  and  3  the  kymograph 
was  moving  at  the  same  speed. 


acceleration  of  the  rhythm  then  set  in,  while  the  V-A  pause  became  some- 
what longer.  Finally,  the  auricle  responded  only  to  every  second  beat  of 
the  ventricle  (Fig.  3),  but  did  so  perfectly  regularly.  The  conduction  of  the 
fibres  of  the  auriculo-ventricular  bundle  was  thus  practically  as  good  in  the 
reverse  direction  as  in  the  normal  in  the  beginning,  but  later  in  the  experiment 
became  insufficient,  either  through  the  action  of  the  drug,  or,  as  seems  more 
likely,  because  insufficient  time  for  recuperation  was  allowed  them  as  the 
impulses  reached  them  more  rapidly.  Cash  and  Dunstan  mention  that 
the  auricle  often  beats  in  1  :  2  rhythm,  but  do  not  explain  that  the  rhythm 
is  reversed. 

In  other  experiments  in  which  reversal  of  the  rhythm  occurred,  the 
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auricle  continued  beating  with  the  ventricle  in  accelerating  rhj'thm  until 
delirium  occurred.  In  a  series  of  experiments  formerly  carried  out  in  which 
the  ventricle  was  stimulated  by  rhythmical  electric  shocks,  the  direction 
of  the  imjjulse  was  also  reversed,  as  a  general  rule  with  only  slight  irregularity 
in  the  beginning,  as  also  appears  from  the  tracings  of  Fischer'.  In  one 
experiment,  in  which  reversal  was  induced  by  electric  stimulation  of  the 
ventricle*,  every  fifth  impulse  failed  to  reach  the  auricle',  just  as  in 
Fig.  3  every  second  impulse  fails  to  pass  the  fibres,  so  that  the  resemblance 
between  the  reversal  under  aconitine  and  that  under  ventricular  stimulation 
appears  almost  complete.  In  one  feature  only  do  they  differ ;  when  reversal  is 
ehcited  bj'  electrical  stimulation  the  rhythm  of  the  heart  is,  in  my  experience, 
always  accelerated,  and  the  reversal  is  exjilained  by  the  impulses  passing 
from  the  ventricle  to  the  auricle,  and  thence  to  the  rhythmic  area  round 
the  veins,  which  cannot  emit  its  normal  impulses  because  its  irritabihty  is 
constanth'  abolished  by  these  recurrent  impulses.  But  in  Fig.  1  there 
is  no  acceleration  whatever  in  the  reversed  rhythm  ;  one  must,  therefore, 
suppose  that  the  first  retrogade  impulse  reached  the  normal  rhythmogenic 
area  just  before  it  would  have  discharged,  and  that  each  succeeding  impulse 
reached  it  at  a  corresponding  point,  thus  preventing  the  area  from 
discharging,  although  no  change  in  rhythm  occurred ;  or  it  is  possible  that  the 
area  was  suddenly  depressed,  though  it  seems  unUkely  that  this  accident 
should  correspond  so  exactly  with  the  point  at  which  the  ventricle  became 
automatic. 

In  other  experiments  complete  reversal  of  the  rhj^thm  was  not  attained 
until  after  a  more  or  less  prolonged  period  of  irregularity  in  both  ventricle  and 
auricle.  But  when  the  ventricle  became  regular  with  a  much  accelerated 
rhythm,  the  auricle  soon  followed  its  rhythm  satisfactorily.  In  this  case 
the  rhythm  was  shown  to  originate  in  the  ventricle  by  the  fact  that  the 
auricle  relinquished  its  own  slower  and  irregular  rhythm  and  adopted  the 
ventricular,  which  had  in  the  previous  irregular  period  shown  no  recognisable 
relation  to  that  of  the  auricle.  The  latter  now  became  perfectly  regular, 
following  each  contraction  of  the  ventricle  after  a  definite  interval. 

It  is  important  to  note  that  when  reversed  rhythm  has  been  developed, 
the  record  of  the  carotid  pulse  may  show  no  change  of  any  significance,  as 
was  the  case  in  the  experiment  from  which  Fig.  1  is  taken. 

In  reversed  rhythm,  the  irritability  of  the  ventricle  is  so  augmented 
that  it  assumes  a  regular  rhythm  of  its  own,  and  this  is  transmitted  to  the 
auricle.  In  several  experiments  the  irritability  was  increased,  as  was  shown 
by  independent  idioventriculart  contractions,  but  these  were  isolated  and 
did  not  give  rise  to  an  independent  rhythm,  and  they  were  not  propagated 


*  It  may  be  added  that  an  isolated  idioventricular  contraction  is  not  generally  propagated  to 
the  auricle,  merely  because  the  impulse  from  the  ventricle  finds  the  auricle  in  the  refractory 
phase. 

t  i.e.,  extrasystoles  arising  in  the  ventricle  itself,  and  not  propagated  from  the  auricle. 
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to  the  auricle.  These  extrasystoles  sojnetimes  followed  each  normal  ven- 
tricular beat,  or  two  of  them  might  be  interpolated  between  two  normal  ones, 
and  in  fact  every  transition  between  isolated  extrasystoles  and  independent 
ventricular  rhythm  might  be  seen  in  succession. 

In  one  unjjoisoned  heart,  after  repeated  stimulation  of  the  ventricle 
with  electric  shocks  and  the  application  of  iced  saline,  another  form  of 
irregularity  was  met  with,  which  resembles  reversal  at  first  sight  but  differs 
from  it  in  the  fact  that  the  ventricular  and  auricular  systoles  commence 
simultaneously  (Fig.  4).  On  regular  electrical  stimulation  of  the  ventricle 
this  rhythm  could  be  changed  to  regular  reversed  rhythm,  in  which  the 
ventricular  systole  preceded  that  of  the  auricle  by  about  0-1  sec,  thus  showing 
that  the  original  rhythm  did  not  arise  from  the  ventricle.  And  during  the 
simultaneous  rhythm  the  ventricle  obviously  did  not  derive  its  rhythm  from 


Fig.  4.  X  J  linear.  Simultaneous  contraction  of  auricle  and  vcutrule.  At  tlie  point  indicated 
by  the  signal  electrical  stimulation  of  tlie  ventricle  began  and  true  reversed  rhythm  set  in. 
The  dotted  lines  indicate  the  point  in  the  auricular  cycle  that  corresponds  in  time  with 
the  beginning  of  the  ventricular  systole. 


the  auricle  as  in  the  normal  heart,  for  there  was  no  A-V  pause,  while  before 
this  form  of  contraction  began  and  later  towards  the  end  of  the  experiment 
when  the  normal  rhythm  was  reinstated  there  was  a  pause  of  0-1  sec. 
between  the  auricular  and  ventricular  systole.  It  seems  to  follow  that  the 
impulses  arose  at  some  point  from  which  they  were  propagated  to  each 
chamber  at  the  same  rate,  causing  simultaneous  contractions.  Simultaneous 
contractions  of  the  auricle  and  ventricle  closely  resembling  these  may  in  fact 
be  obtained  by  passing  a  shock  through  the  auricle  and  ventricle  bj- 
electrodes,  one  of  which  is  placed  on  the  ventricle,  the  other  on  the  auricle. 
On  passing  a  single  electric  shock  through  the  ventricle  during  this 
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rhythm,  a  premature  contraction  of  the  ventricle  was  induced  (Fig.  5). 
In  the  particular  case  observed  the  extrasystole  was  stronger  than  the 
preceding  and  subsequent  contractions.  It  was  followed  by  a  long  pause 
in  diastole,  after  which  the  former  rhythm  was  reinstated  by  a  contraction 
which  was  weaker  than  those  preceding  the  extrasj'stole*.  The  auricle, 
which  had  been  contracting  simultaneously  with  the  ventricle,  remained 
0-16  sec.  in  diastole  after  the  premature  ventricular  systole  began  and  then 
contracted  also,  this  contraction  occurring  prematurely.  It  then  remained 
in  diastole  until  the  subsequent  contraction  of  the  ventricle,  when  it  con- 
tracted simultaneously,  thus  restoring  the  former  rhj'thm.  The  duration  of 
the  ■■  bigeminus  "t  in  each  chamber  was  equal  to  two  periods,  the  pause 
after  the  extrasystole  compensating  for  its  prematurity  (see  Fig.  5).  The 
pause  after  the  premature  auricular  systole  was  016  sec.  shorter  than  that 


Fig.  5.      X   i  linear.     From  siime  heart  as  Fig.  4.      Simultaneous  beat  of  auricle  and  ventricle. 
At  X  a  prematiu-e  systole,  induced  in  ventricle  by  electric  stimulus. 

N.B. — The  kymograph  was  riuming  irregularly  here,  and  equed  times  are  not  always  indicated 
by  equal  lengths  of  the  tracing. 


following  the  ventricular,  since  the  auricular  contraction  followed  the 
ventricular  after  this  interval.  ^Yhen  the  normal  ventricle  is  excited  to 
contract  in  extrasystole,  the  bigeminus  is  generalh-  confined  to  the  ventricle, 
and  its  duration  is  equal  to  two  normal  periods,  because  after  the  extra- 
systole the  ventricle  remains  at  rest  until  the  impulse  descending  from  the 
auricle  at  the  normal  time  arouses  it  to  contraction.     When,  however,  the 

*  The  weak  contraction  aft«r  the  pause  may  perhaps  be  due  to  the  distension  of  the  ventricle, 
this  more  than  compensating  for  the  greater  time  for  recuperation.  The  strength  of  the  extra- 
systoles  may  be  accounted  for  in  the  same  way,  the  ventricle  here  contracting  without  encoun- 
tering so  much  resist€uice  from  its  contents. 

t  "'  Bigeminus  "  is  used,  as  suggested  by  Hering,  to  indicate  the  |ieriod  intervening  between  the 
contraction  before  an  extrasystole  and  that  following  it. 
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extrasystole  of  the  ventricle  gives  rise  to  an  impulse  which  arouses  a 
"  retrograde  "  systole  in  the  auricle,  the  bigeminus  is  generally  shorter  than 
two  full  periods*,  apparently  because  the  impulse  travels  to  the  rhythm- 
giving  area  at  the  base  of  the  heart  and  disorganises  it.  In  this  abnormal 
rhythm,  the  impulse  is  retrograde,  yet  the  bigeminus  is  not  shortened,  from 
which,  according  to  the  current  views,  it  is  to  be  inferred  that  the  impulse 
fails  to  reach  the  point  from  which  the  rhythm  arises.  On  the  other  hand 
an  extrasystole  arising  in  the  auricle  during  this  rhythm  was  not  followed  by  a 
full  compensatory  pause,  and,  therefore,  appeared  to  be  propagated  to  the 
point  giving  rise  to  the  rhythm.  From  the  fact  that  an  impulse  passing  from 
the  ventricle  to  the  auricle  does  not  affect  the  point  of  rhythmic  discharge 
in  this  rhythm,  it  may  be  inferred  that  the  latter  does  not  lie  on  the  path 
of  these  impulses,  i.e.,  is  not  situated  in  the  auriculo-ventricular  fibres  or 
node,  and  equally  the  auricle  and  ventricle  seem  to  be  excluded  from  being 
the  seat  of  the  rhythm.  I  am  at  a  loss  to  suggest  how  this  form  arises,  unless 
from  some  point  in  the  bundle,  through  which  the  retrograde  impulse  does 
not  pass. 

Irregularities  from  impairment  of  conduction  in  the  avriculo-ventricidar 
bundle.  Some  diminution  in  the  rate  of  conductivity  of  impulses  between  the 
auricle  and  ventricle  is  very  commonly  met  with  under  aconitine.  It  may  be 
evidenced  by  some  prolongation  of  the  A-V  interval,  e.g.,  from  01  to  0-3  sec. 
under  aconitine.  Sometimes  this  prolongation  of  the  interval  gives  rise  to  the 
appearance  of  the  reversed  rhythm,  for  the  impulse  may  be  delayed  so  long 
in  the  bundle  that  the  ventricular  systole  begins  only  immediately  before 
the  next  auricular  one.  Owing  to  this  depression  of  the  conduction  an 
impulse  may  fail  to  pass,  and  the  next  A-V  period  is  very  short  owing  to  the 
longer  period  allowed  for  recuperation  of  the  fibres.  A  common  irregularity 
under  aconitine  is  half  rhythm,  in  which  the  auricle  beats  fairly  rapidly,  but 
every  second  impulse  fails  to  reach  the  ventricle,  which,  therefore,  beats 
at  only  half  the  rate  of  the  auricle.  Or  half  rhythm  may  occur  in  inverted 
rhythm  (Fig.  3),  the  ventricle  beating  rapidly  and  regularly,  but  only  one 
of  two  impulses  reaching  the  auricle,  which  accordingly  contracts  only  half 
as  many  times  per  minute  as  the  ventricle. 

A  recurring  type  of  irregularity  may  be  presented  by  hearts  in  which 
the  conductivit}'  is  considerably  impaired.  For  example,  the  period  A-V 
may  increase  with  each  beat  until  the  conduction  fails  altogether  and  no 
ventricular  contraction  follows  the  auricular  ;  the  next  A-V  period  is  very 
short,  owing  to  the  long  pause  for  recuperation,  the  succeeding  is  somewhat 
longer,  and  the  successive  periods  lengthen  until  a  complete  failure  occurs 
again.     This  form  of  irregularity  has  been  so  frecj[uently  described  in  the 


*  If  the  auricular  contraction  occurs  immediately  before  its  normal  position,  the  "  bigeminus  " 
may  be  very  little,  or  not  at  all  shortened,  but  in  the  case  in  point  the  retrograde  auricular  systole 
Irom  a  ventricular  extrasystole  occurred  one-fourth  of  a  period  prematurely,  jet  the  subsequent 
compensation  was  complete. 
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human  heart  in  disease,  and  in  animals  from  pressure  on%  or  section^ 
of  the  auriculo-ventricular  bundle  that  it  is  unnecessary  to  detail  it  further, 
but  it  is  of  interest  to  find  it  developed  in  poisoning  in  animals. 

In  two  experiments  there  was  complete  block  of  the  bundle,  the 
auricle  and  ventricle  beating  in  indej^endent  rhythms,  and  the  periodic 
variations  occurring  which  are  so  frequently  seen  under  digitalis,  and  which 
occur  in  exceptional  animals  when  the  ventricle  is  stimulated  by  repeated 
electric  shocks'  .  In  these  cases  under  aconitine  the  independent  ventricular 
rhythm  was  much  quicker  than  it  is  in  the  unpoisoned  heart  in  block.  In  fact 
it  approached  very  nearly  to  the  auricular  rhythm. 

Alternation  in  strength.  One  of  the  most  common  forms  of  irregularity 
under  aconitine  was  alternation  in  the  strength  of  the  contractions.  This 
sometimes  gave  rise  to  pulsus  alternans  in  the  carotid,  but  in  other  cases  the 
difference  between  successive  beats  in  the  ventricle,  while  evident  enough 
in  the  direct  tracing,  was  too  small  to  be  observed  in  the  pulse  tracing  ;  in 
others  the  weaker  beat  was  insufficient  to  cause  any  wave  whatever  in  the 
carotid,  and  the  pulse  tracing  then  presented  a  series  of  regular  equal  waves 
at  one-half  the  rate  of  the  ventricle. 

The  auricle  beat  cjuite  regularly,  and  the  ventricle  followed  it  at  a  constant 


Fig.  6.  X  i  linear.  Ventricle  under  aconitine.  Alternation  in  strength  with  constant  rhythm. 
The  auricle  beat  very  weakly  and  regularly.  The  commencement  of  its  systole  is 
indicated  on  the  ventricular  tracing  by  cross  lines. 


interval.  But  the  ventricular  contractions  alternated  in  character,  one  being 
strong,  reaching  full  systole  and  relaxing  slowly,  while  the  next  was  weaker, 
and  failed  to  reach  full  systole.  On  examining  these  more  closely,  e.g.,  by 
projecting  one  on  the  other,  they  are  found  to  differ  in  other  features  than 
in  their  strength  only  (Fig.  6).  The  actual  movement  of  contraction  is  found 
to  occupy  about  the  same  time  in  each,  apparent  differences  in  this  respect 
being  probably  due  to  throw  of  the  lever.  But  the  pause  in  full  contraction 
is  shorter  in  the  weaker  beat,  relaxation  being  earlier,  and  although  the 
diastole  begins  more  gradually  it  is  often  complete  earlier  than  in  the  stronger 
contraction.  The  heart  then  rests  dilated  until  the  next  impulse  reaches  it, 
and  full  relaxation  being  attained  between  each  beat,  the  variation  is  only  in 
the  degree  of  systole. 
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Alternation  is  generally  more  marked  in  the  ventricle  than  in  the  auricle, 
but  sometimes  the  ventricle  is  comparatively  slightly  affected,  while  the 
auricle  shows  marked  alternation.  Fig.  7  was  derived  from  an  experiment  in 
which  the  rhythm  was  reversed,  and  in  which  gradual  acceleration  of  the 
rhythm  was  occurring.  The  alternation  affected  not  only  the  degree  of 
systole,  but,  esjiecially  in  the  latter  part  of  the  tracing,  diastole  also,  the 
stronger  contractions  being  followed  by  much  less  comj^lete  relaxation  than 
the  weaker  ones.  In  other  words,  the  stronger  beats  were  so  prolonged  that 
there  was  no  time  for  complete  relaxation  before  a  new  impulse  induced 
renewed  contraction,  which  was  weak  and  short  and  allowed  more  time  for 
relaxation.  Somewhat  later  in  this  exjieriment  the  interval  preceding  the 
weak  beat  appeared  to  be  longer  than  that  following  it,  but  it  was  impossible 
to  be  certain  of  this  owing  to  the  throw  of  the  lever.  The  auricular  tracing 
also  shows  alternation,  the  stronger  contraction  in  it  following  the  stronger 
in  the  ventricle,  and  the  period  V-A  apiJearing  to  be  constant.    The  auricular 


Fig.  7.       X   i  linear,      .■\lternatiuii  in  \entricle  and  auricle  under  atonitine. 


contraction  is  much  weaker  than  before  aconitine  was  injected,  but  is 
stronger  than  usual  during  alternation  from  this  drug.  The  impulse  to 
contraction  here  arose  in  the  ventricle  itself,  and  the  fact  that  it  ajjpears  to 
be  regular  indicates  that  the  spontaneity  or  irritability  of  the  ventricle  did 
not  vary  in  the  same  sense  as  its  contractility.  Later  in  this  tracing  the 
alternation  gradually  lessened  and  disappeared,  the  rate  of  the  beat 
remaining  constant  at  257  per  minute.  The  rhythm  then  rose  to  286,  and  the 
alternation  returned. 

This  alternating  type  is  generally  j^receded  by  some  change  in  the 
rhythm  which  demands  greater  exertions  from  the  ventricle,  as  for  example, 
if  the  rhythm  changes  from  y  =  j,  in  which  no  alternation  is  present,  to 
regular  |  rhythm,  with  perhaps  a  rather  slower  A  rhythm,  or  if  the  rhythm 
of    both    auricle    and    ventricle    is    suddenly    doubled.     In    other   cases   it 
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follows  from  some  previous  irregularity,  such  as  a  series  of  extrasystoles. 
Sometimes  the  change  is  a  progressive  one,  the  difference  between  successive 
beats  at  first  being  barely  jierceptible,  but  increasing  gradually  until  it  becomes 
very  striking.  The  alternation  often  lasts  for  many  minutes  without  further 
change  ;  thus  I  have  recorded  it  for  half  an  hour,  the  tracing  at  the  end  of 
that  time  being  identical,  except  in  minor  details,  with  that  at  the  beginning, 
and  no  further  irregularities  having  occurred  in  tlie  interval. 

Alternation  in  the  strength  of  the  contractions  may  sometimes  be 
elicited  in  the  unpoisoned  heart.  That  from  which  Fig.  8  is  taken  had 
been  exposed  for  about  two  hours,  and  had  been  subjected  to  repeated 
electrical  stimulations  and  to  jirolonged  cold.  The  auricle  finally  ceased 
contracting,  and  the  ventricle  beat  sf)ontaneously  at  the  rate  of  about 
20  per  minute.  The  beats  were  equal  in  strength.  Electric  make  and 
break  shocks  were  now  passed  through  the  ventricle  at  the  rate  of  160  per 
minute,  and  the  rate  rose  to  80  per  minute,  i.e.,  the  ventricle  responded  with 
a  contraction  to  every  second  break  shock,  the  make  having  no  effect.    The 


Fig.  8.      X   J  linear.     Alternation  in  tlie  ventricle  frjni  rapitl  electrical  stimulation. 


contractions  were  alternating  in  strength,  strong  prolonged  contractions 
intervening  between  weaker  and  shorter  ones.  I  have  drawn  in  dotted  outline 
the  curve  of  one  of  these  weaker  contractions  superposed  on  one  of  the 
stronger,  showing  that,  while  the  downward  stroke  of  each  coincides  in 
time,  the  period  from  the  end  of  this  phase  is  somewhat  longer  after  the  weak 
contraction  than  after  the  strong.  This  tracing  is  also  of  interest  in  the 
fact  that  it  shows  the  extreme  '"  hypodynamic  "  condition  of  the  heart. 
For  the  same  strength  of  shock  was  sufficient  earlier  in  the  experiment  to 
induce  renewed  contraction  in  the  ventricle,  when  it  reached  it  at  the  beginning 
of  the  relaxation  ;  but  here  it  fails  to  induce  contraction  even  when  full 
relaxation  has  been  reached.     It  may  be  concluded  that  at  this  time  the 
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heart  had  not  recuperated  so  much  at  the  end  of  its  relaxation  as  previously 
at  the  beginning  of  diastole. 

Pulsus  alternans  or  alternation  in  the  strength  of  the  pulse  has  been 
known  clinically  since  Traube'"  described  it  in  1872,  and  has  received 
increased  attention  in  the  last  few  years'*.  It  has  always  been  attributed 
to  variations  in  the  strength  of  the  ventricular  contractions,  and  Hering'' 
has  confirmed  this  by  tracings  taken  from  the  apex  beat.  In  a  recent 
publication''  Hering  states  that  the  stronger  beats  in  the  cardiogram  may 
correspond  with  the  stronger  of  the  pulse  or  with  the  weaker,  and  that  if  two 
cardiograms  be  taken  simultaneously  the  one  may  correspond  with  the  pulse, 
while  the  other  exhibits  large  excursions  with  the  weak  pulse  and  smaller 
ones  with  the  stronger  pulse. 

The  statement  is  frequently  made  that  it  occurs  in  animal  experiments 
under  a  number  of  conditions,  varying  from  simple  perfusion  of  the  heart  with 
Ringer's  solution  to  poisoning  with  members  of  the  digitalis  series  and  with 
glyoxylates.  In  many  cases,  however,  the  observers  do  not  seem  to  have 
differentiated  between  the  true  alternation  (Hering),  in  which  the  rhythm 
is  regular,  and  a  continuous  bigeminus,  in  which  the  weaker  beat  is  preceded 
by  a  shorter  pause  than  the  stronger  one.  And  in  most  published  tracings 
it  is  impossible  to  measure  the  intervals  exactly  owing  to  the  slowness  of  the 
kymograph  used.  It  has  been  stated  recently  by  Starkenstein  and  Hering 
that  under  the  glyoxylates,  pulsus  alternans  is  elicited  fairly  regularly  ;  but 
with  this  possible  exception,  it  may  be  doubted  whether  any  poison  has 
yet  been  shown  to  have  a  specific  action  in  this  direction,  as  distinguished 
from  its  altering  the  rhythm  of  the  heart. 

The  current  view  as  to  the  causation  of  clinical  pulsus  alternans  was  given 
by  Wenckebach,  who  based  his  explanation  on  the  results  obtained  by  Hoff- 
mann in  the  frog.  The  latter  showed  that  in  a  feeble  heart  a  weak  beat  is 
not  only  low  in  strength  but  also  short  in  duration,  and,  therefore,  permits 
of  a  longer  period  for  recuperation  than  a  stronger  beat,  which  lasts  longer, 
and  thus,  by  encroaching  on  the  recuperative  period  before  the  next  beat, 
tends  to  weaken  it.  This  weak  beat  is  correspondingly  short  in  duration, 
and,  allowing  a  long  recuperative  period,  is  again  followed  by  a  stronger 
systole,  and  in  this  way  alternation  may  continue,  each  strong  beat  leading 
to  a  shortened  recuperative  period,  and  thus  to  a  weak  and  short  beat, 
which  in  turn  permits  of  a  more  complete  recovery,  and  consequently  to  a 
stronger  contraction. 

Muskens'^  suggests  that  the  alternation  in  the  frog's  heart  under 
digitalis  arises  from  some  of  the  fibres  responding  only  to  every  second 
impulse,  the  movement  of  the  lever  thus  arising  alternately  from  the  whole 
musculature  and  from  a  part.  This  he  supposes  to  result  from  a  failure 
of  the  conduction  in  the  ventricle  recurring  with  each  alternate  impulse.  A 
similar  view  has  recently  been  put  forward  by  Hering  to  explain  the  alter- 
nations after  glyoxylates  in  mammals  ;  he  considers  that  at  the  time  of  the 
weaker  contraction  a  partial  systole  occurs.    This  view  does  not  seem  to  be 
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inconsistent  with,  that  of  Wenckebach  and  Hoffmann,  which  is  also  supported 
by  my  results. 

The  development  of  alternation  may  sometimes  be  observed  easilj'inthe 
dog's  heart  in  the  course  of  a  long  experiment.  ^rMien  an  extrasystole  is 
ehcited  in  the  recenth'  exposed  ventricle,  the  irregularity  ceases  after  the 
"  post-compensatory  "  contraction,  which  is  very  powerful  and  very 
prolonged.  At  the  end  of  a  long  experiment  on  the  other  hand,  the  powerful, 
prolonged  post-compensatory  contraction  is  followed  by  a  weak  and  short 
beat,  this  again  by  a  longer  and  stronger  one.  and  this  alternation  may 
persist  for  5-10  beats  or  more.  During  the  course  of  the  experiment,  therefore, 
the  heart  must  have  undergone  some  change,  which  materially  alters  the 
re-action  to  the  same  stimulus,  and  it  is  necessary  to  differentiate  between 
the  immediate  stimulus  which  leads  to  a  manifestation  of  the  alternation  and 
the  underlying  condition,  of  which  this  anomalous  contraction  is  a  symptom. 
Similarly,  the  ventricle  from  which  Fig.  9  was  derived  had  not  manifested 
alternation  in  strength  until  the  series  of  stimuU  accelerated  its  rhj-thm, 
when  it  immediately  gave  this  characteristic  tracing.  This  ventricle  had 
pre\-iously  been  contracting  much  more  rapidly,  and,  when  in  the  beginning 
of  the  exjjeriment  (see  Fig.  4)  a  series  of  shocks  were  given,  it  accelerated 
from  130  to  190  per  minute  without  any  alternation.  Yet  in  its  exhaustion  at 
the  end  of  the  experiment  a  rate  of  oxAy  80  per  minute  was  sufficient  to 
elicit  this  symptom. 

In  patients  it  is  frequently  noted  that  pulsus  alternans  is  elicited  by 
exertion,  and  in  my  experiments  a  gradual  acceleration  was  often  accom- 
panied by  an  increased  disparity  in  the  contractions,  while  the  alternations 
in  one  case  disappeared  when  the  rhythm  was  shghtly  slowed.  On  the  other 
hand,  in  the  heart  from  which  Fig.  8  was  taken  the  alternation  gradually 
disappeared,  the  rhythm  remaining  unchanged  ;  but  it  returned  again  upon 
the  occurrence  of  further  acceleration. 

In  every  case  in  which  alternation  occurs  under  poisons,  it  is  therefore 
necessary  to  inquire,  how  far  this  effect  may  be  due  to  the  poison  increasing 
the  rhythm  or  the  irritability  of  an  organ  exhausted  by  exposure,  cold  or 
other  conditions,  and  how  far  the  poison  itself  induces  the  exhaustion. 
Several  of  the  drugs,  which  have  been  said  to  induce  alternation,  such  as 
the  digitalis  series  and  aconitine,  undoubtedly  increase  the  irritability  in  the 
later  stages  of  poisoning  ;  and  from  my  experience,  in  which  digitahs  rarely 
induces  true  alternans  in  mammals,  I  am  inclined  to  regard  this  as  the 
explanation  in  the  case  of  this  drug.  After  aconitine,  alternation  occurs 
much  more  frequently,  and  here,  and  probably  also  in  the  case  of  the 
glyoxylates,  the  poison  may  induce  exhaustion,  besides  causing  greater 
demands  to  be  made  on  the  heart  by  the  augmented  irritabiht}'.  When 
the  character  of  this  exhaustion  is  inquired  into,  a  dilficulty  is  met  at  once 
in  the  fact  that  alternation  is  not  regularly  induced  by  any  known  means, 
unless  by  glvoxylates.  It  is  not  identical  with  weakened  contractile  power, 
for  when  chloroform  is  given  early  in  an  experiment,  until  the  auricle  ceases 
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and  the  ventricle  is  in  the  last  stages  of  weakness,  an  electrical  shock  gives 
rise  to  an  extrasystole  without  any  subsequent  alternation*. 

In  the  tracing  given  in  Fig.  8  the  ventricle  responded  only  to  every 
second  break  shock  ;  yet  the  shocks,  to  which  it  failed  to  respond,  reached  it 
after  it  had  attained  full  diastole,  i.e.,  at  a  point  at  which  the  normal 
unexhausted  heart  responds  with  a  contraction  little,  if  at  all,  weaker  than 
the  normal  one.  In  other  words  the  recuperation  of  the  heart  is  very  much 
slowed,  and  in  this  seems  to  lie  the  essential  difference  between  the  heart  in 
which  alternation  does  not  occur  and  that  in  which  it  is  readily  elicited  by 
anything  demanding  an  accelerated  rhythm.  As  the  normal  ventricle  begins 
to  relax  it  also  begins  to  recuperate  its  energy,  and  before  the  next  impulse 
arrives  it  has  practically  recovered  from  the  previous  contraction.  This 
is  shown  by  the  fact  that  a  shghtly  premature  stimulus  arouses  a  contraction 
which  is  almost  equal  in  strength  to  one  occurring  at  the  normal  interval, 
i.e.,  the  recuperation  is  so  rapid  that  the  ventricle  has  a  certain  amount  of 
reserve  on  which  it  can  draw  without  serious  detriment  to  the  strength 
of  the  contraction.  If  the  recuperation  is  retarded  however,  a 
stimulus  reaching  the  ventricle  only  slightly  earlier  than  usual  causes 
a  much  greater  departure  from  the  normal,  both  in  the  strength 
and  the  duration  of  the  contraction.  It  arouses  the  ventricle  when 
it  is  still  in  a  very  imperfect  stage  of  recovery  and  when  every  additional 
moment  adds  materially  to  its  stock  of  energy.  Thus,  in  Fig.  8  the  first 
contraction  was  preceded  by  a  prolonged  pause,  and  it  is  noteworthy  that 
even  the  stronger  of  the  subsequent  contractions  fell  very  much  short  of  it  in 
strength,  i.e.,  the  process  of  recuperation  was  still  actively  progressing  when 
the  impulses  aroused  contraction.  And  the  difference  between  the  first 
contraction  and  the  subsequent  ones  was  greater  than  occurs  in  unexhausted 
hearts  after  a  similar  pause,  because  in  these  the  recovery  is  more  rajoid  and 
the  prolongation  of  the  normal  pause  adds  less  to  it.  If  the  rhythm  of  the 
heart  becomes  slower,  the  prolongation  of  the  time  of  recuperation  com- 
pensates for  its  slowness,  and  the  alternans  disappears.  If,  as  is  apparently 
the  case  with  chloroform,  the  rate  of  recovery  is  not  so  much  affected  as  the 
strength  of  contraction,  the  latter  may  be  reduced  to  a  very  considerable 
extent  without  the  "  exhaustion  "  condition  arising,  and  no  alternans  will 
result. 

Starkenstein  believes  that  alternation  arises  from  a  disturbance  of 
contractihty  which  results  from  previous  stimulation,  and  cites  as  examples 
the  effects  of  the  digitaUs  series.  But  these  are  not,  in  my  experience,  especially 
prone  to  induce  true  alternation,  and  in  any  case  they  cause  acceleration  of 
the  heart  in  the  later  stages,  and  thus  offer  favourable  conditions  for  the 
manifestation  of  alternans.  Straub  has  shown  that  under  antiarin  the 
refractory  phase  is  prolonged  in  the  frog's  heart,  but  the  tracing  given  in 
his  paper  is  not  that  of  a  true  alternans  as  Starkenstein  supposes.     And 


♦  starkenstein  has  pointed  out  that  chloral  also  fails  to  induce  alternans  in  the  frog. 
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the  action  of  members  of  the  digitaUs  series  in  prolonging  the  systole  in  the 
frog  is  so  different  from  their  effects  in  the  mammal  that  deductions  from 
the  one  to  the  other  can  only  be  made  with  the  greatest  reserve. 

A  combination  of  this  delayed  recuperation  with  imperfect  conduction 
through  the  auriculo-ventricular  bundle  is  shown  in  a  number  of  tracings, 
which  at  first  aj^pear  to  be  extremely  complicated.  The  form  presented 
in  Fig.  10  repeated  itself  with  small  variations  for  some  time,  and  occurred 
in    tiie    same    heart    as    Fig.   6.     The    auricle    beat    regularly,    and    each 


Fig.  9.      X  f  linear,     .\ltemation  combined  with  imperfect  conduction.      The  marks  along  tlio 
ventricular  curve  indicate  the  time  of  the  beginning  of  systole  in  the  auricle. 

ventricular  contraction  was  the  response  to  a  previous  auricular  one.  Thus, 
the  ventricular  systole  at  X  was  in  response  to  the  auricular  V,  and  the 
ventricle  having  been  at  rest  for  some  time,  the  A-V  interval  was  short,  and 
the  ventricular  contraction  was  strong  and  prolonged.     The  next  ventricular 


Fig.   10.      X    I  linear.      Alternation  combined  with  imperfect  conduction. 

systole  followed  later  from  the  exhaustion  of  the  conduction,  and  was  weak 
from  the  exhaustion  of  the  contractility  ;  the  third  auricular  impulse  failed  to 
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pass,  and  there  was  a  corresponding  recovery  of  the  conduction,  and  also  of 
the  contractihty  before  the  fourth  impulse  arrived  and  the  anomaly 
recommenced. 

Similar  anomalies  are  presented  in  Figs.  10  and  11,  taken  from  the  same 
experiment,  in  which  the  beginning  of  the  auricular  systole  is  indicated  by 
the  perpendicular  lines  in  the  tracing  from  the  ventricle.  Some  time  later 
the  ventricle  suddenly  changed  to  half  rhythm,  and,  more  time  for  recupera- 
tion being  allowed,  the  beats  became  regular  in  strength  and  in  the  duration 
of  the  A-V  interval. 


Fig.  11.      X   §  linear.      .Alternation  combined  with  imperfect  conduction. 


Continuous  higeminus.  Another  form  of  irregularitj'  which  is  liable 
to  be  confused  with  the  alternation,  and  which  frequently  occurs  under 
poisonous  doses  of  aconitine  and  digitalis,  has  been  termed  by  Hering 
continuous  bigeminus.  It  appears  most  frequently  under  aconitine  when  the 
rhythm  is  slow,  and  is  characterised  by  each  normal  beat  of  the  auricle  being 
followed  by  an  extrasystole  which  induces  a  similarly  premature  ventricular 
contraction  (Fig.  13).  The  extrasystole  is  much  weaker  than  the  normal 
beat  in  both  auricle  and  ventricle,  owing  to  the  early  point  in  the  recupera- 
tion period  in  which  it  occurs.  It  is  followed  by  a  long  pause,  and  then  by  a 
normal  auricular  and  ventricular  contraction.  The  interval  between  the 
auricular  and  ventricular  contraction  (A-V)  is  longer  in  the  case  of  the 
extrasystole  than  in  the  normal,  indicating  that  the  conductivity  of  the 
auriculo-ventricular  bundle  is  imperfectly  repaired  in  the  short  interval. 

This  extrasystole  thus  presents  all  the  characteristics  of  those  of  auricular 
origin,  and  arises  from  some  normally  inactive  point,  which  has  acquired  the 
property  of  discharging  impulses,  and  which  preserves  the  same  rhythm 
as  the  original  rhythmic  area;  for  the  extrasystole  follows  at  a  definite  time 
after  each  normal  contraction,  just  at  the  time  when  the  functions  of  the 
heart  are  at  their  lowest  ebb  owing  to  the  previous  contraction.  A  plausible 
view  to  account  for  this  is  that  the  second  rhythmic  point  is  aroused  to 
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discharge  an  imjjulse,  by  the  original  contraction,  i.e..  that  the  normal 
impulse  sweeping  over  the  heart  from  the  normal  rhythmic  area  reaches 
some  point  at  which  it  awakes  a  fresh  discharge,  and  this  second  discharge 
gives  rise  to  the  extrasystole. 


Fig.  12.      X   i  linear.     Continuous  bigeminus  under  aconitine. 

This  view  is  supported  b}"  a  sudden  change  which  occurred  in  one 
of  the  experiments  in  which  this  form  was  observed  (Fig.  13).  The  rhj-thm 
suddenly  changed  to  one  exactly  three  times  as  fast  as  that  described,  but 
the  same  pairing  of  the  beats  remained,  only  now  there  were  three  pairs  in 


Fig.  13.      X  I  linear.     Continuous  bigeminus  with  sudden  acceleration  to  a  rhj-thm  three 
times  as  fast. 


the  time  formerh'  occupied  bj'  one.  Here.  I  take  it,  three  impulses  reached 
the  auricle  from  the  original  rhj-thmic  area  instead  of  one,  and  each  of  these 
was  followed  by  its  satelhte  extrasystole  as  before. 

c 
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In  this  tracing  one  is  at  once  struck  by  the  extreme  feebleness  of  the 
auricular  extrasystole  during  the  slow  rhythm.  It  is  obvious  that  the 
exaggerated  irritability  is  accompanied  by  great  impairment  of  contraction, 
i.e.,  that  the  exhaustion  which  in  other  tracings  is  betrayed  by  alternation 
is  here  present.  On  acceleration  to  three  times  the  rhythm  the  extrasystole 
of  the  auricle  is  not  weaker  but  rather  stronger,  and  it  follows  sooner  after 
the  normal  beat.  This  improvement  in  the  strength  of  the  extra  beat  may 
probably  partake  of  the  nature  of  the  staircase  phenomenon  of  Bowditch, 
and  the  same  may  be  true  of  its  more  rapid  occurrence  after  the  normal 
contraction.  In  the  later  part  of  the  tracing  it  is  noteworthy  that  the 
weak  beat  is  preceded  by  a  longer  interval  (counting  from  the  beginning  of 
systole)  than  the  stronger,  so  that  according  to  the  canon  of  Hering  it  would 
not  be  considered  an  extrasystole,  but  an  alternans.  Its  development 
from  the  preceding  form,  however,  indicates  its  character,  though  the 
exhaustion  and  delayed  recuperation  which  is  sometimes  manifested  in 
alternation  is  also  present.  It  is  noteworthy  that  this  exhaustion  of  con- 
tractibility  is  here  associated  with  an  extraordinary  degree  of  irritability, 
leading  to  extrasystoles  during  a  rhythm  of  138,  and  thus  to  276 
contractions  per  minute. 

In  another  form  of  the  same  type  the  auricle  beats  regularly,  but 
each  beat  of  the  ventricle  is  followed  by  a  weak  premature  contraction,  which 
arises  from  some  point  beneath  the  contractile  area  of  the  auricle — either 
from  the  ventricle  itself  or  from  the  auriculo-ventricular  bundle.  The  new 
rhythm-giving  area,  therefore,  may  lie  in  the  auricle,  or  in  the  ventricle,  or 
possibly  in  the  intermediate  structure. 

In  tracings  taken  from  the  radial  artery  in  man  each  normal  wave  is 
sometimes  followed  by  a  secondary  one  (continuous  pulsus  bigeminus) 
(Hering).  The  extrasystole  which  gives  rise  to  this  secondary  wave  is  some- 
times so  persistent  and  follows  with  such  regularity,  that  the  suggestion  of 
a  secondary  rhythmic  focus  aroused  to  activity  by  the  original  wave  is 
suggested.  In  other  cases,  the  extrasystole  occurs  regularly  after  every 
third  normal  pulse,  and  here  the  secondary  focus  may  have  a  rather  longer 
period  of  recuperation.  In  this  case  it  is  to  be  presumed  that  this  focus  has 
not  its  irritability  exhausted  by  each  beat,  perhaps  because  the  descending 
impulse  fails  to  reach  it,  but  goes  on  accumulating  energy  until  it  finally 
reaches  the  exploding  point,  this  occurring  after  each  third  or  more  beats 
arising  from  normal  focus. 

Ahnormal  sino-auricular  conduction.  I  have  already  stated  that  under 
aconitine  the  conduction  in  the  auriculo-ventricular  bundle  is  often  impaired, 
as  is  shown  by  prolongation  of  the  A-V  interval  and  half  rhythm,  which  may 
persist  for  some  time  and  then  give  way  to  the  normal  rhythm  with  the 
ventricle  beating  at  twice  the  rate. 

When  the  auriculo-ventricular  bundle  is  affected,  these  changes  affect 
only  the  ventricle,  but  in  a  number  of  instances  a  somewhat  similar  change 
is  seen  in  the  auricle,  whose  rate  may  suddenly  be  doubled  or  halved,  the 
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ventricle  following  its  rhythm  exactly.  This  is  different  from  the  phenomenon 
described  already  as  "  continuous  bigeminus  ""  for  the  contractions  of  the 
auricle  may  be  equal  in  strength  and  at  equal  intervals  in  time*.  It  may, 
however,  be  superposed  on  a  continuous  bigeminus.  as  is  seen  in  Fig.  13. 
It  sometimes  leads  to  alternation  in  strength  in  the  auricle  and  still  more 
often  in  the  ventricle,  whose  contractility  may  not  be  equal  to  the  demands 
made  on  it  by  the  more  rapid  rhythm.  Or,  when  alternation  has  already 
occurred,  the  rhythm  may  be  reduced  to  one-half,  and  the  alternation 
disappears  or  becomes  less  marked  as  the  contractility  is  now  on  a  more 
equal  footing  with  the  rhythm.  When  the  sudden  acceleration  occurs,  the 
contractions  of  the  auricle  frequently  become  weaker,  owing  to  the  shorter 
time  allowed  for  recuperation. 

This  phenomenon  may  be  due  to  the  rhythm-gi\-ing  area  emitting  double 
or  half  the  number  of  impulses  to  the  auricle,  or  on  the  other  hand,  the  actual 
number  of  impulses  emitted  may  remain  unchanged,  but  the  number  actually 
reaching  the  contractile  elements  may  be  altered.  It  being  impossible  to 
register  the  actual  emission  of  impulses,  but  only  the  effect  of  those  which 
reach  the  auricle,  the  question  cannot  be  directly  solved.  On  the  analogy  of 
the  relation  between  the  auricle  and  ventricle,  one  would  be  inclined  to 
postulate  the  existence  of  some  tissue  connecting  the  rhythm-giving  area 
to  the  auricle,  corresponding  to  the  auriculo-ventricular  bundle  and  under- 
going corresponding  variations  in  conductivity.  It  seems  unlikely  that  the 
area  itself  suddenly  doubles  its  rhxthm,  for  this  would  be  without  any 
analogy.  If  its  irritabihty  were  increased  one  would  expect  rather  a  gradual 
quickening  in  its  rhythm  with  a  corresponding  acceleration  of  the  contrac- 
tions. On  the  other  hand  the  regularity-  of  the  beats  precludes  the  view  that 
one-half  of  them  arise  from  the  development  of  some  subordinate  rhj'thmic 
discharge  such  as  I  have  discussed  under  continuous  bigeminus.  Engelmann 
observed  in  the  frog"s  heart  occasional  failure  of  the  auricular  contraction, 
which  pointed  to  a  failure  of  the  conduction  from  the  vena  cava  to  the 
auricle,  and  Wenckebach  has  utilised  this  observation  to  explain  certain 
forms  of  irregularity  of  the  heart  in  disease  in  man,  and  in  a  later  paper'^ 
supports  this  view  by  jugular  tracings,  which  show  absence  of  auricular  con- 
tractions at  intervals,  while  the  general  rhythm  is  preserved.  Hering"' 
found  the  same  occasional  failure  of  the  auricular  contractions  in  a  rabbit 
and  dog,  the  auricular  pause  corresponding  in  length  to  two  normal  periods, 
and,  therefore,  to  be  ascribed  to  failure  of  an  impulse  to  cause  contraction. 
The  sudden  changes  in  the  rhythms  seen  under  aconitine  seem  to  be  further 
examples  of  this  anomaly,  and  it  is  of  interest  to  find  that  aconitine  also 
impairs  the  conduction  of  the  fibres  of  the  auriculo-ventricular  bundle. 

In  these  cases  the  change  in  auricular  rate  was  a  sudden  one,  and  took 
place  without  any  irregularity  making  its  appearance.  In  one  experiment 
the  auricular  (and  ventricular)  rhythm  was  finally  doubled,  but  the  transition 

*  An  instance  of  sudden  change  in  the  auricular  rhythm  is  offered  in  Fig.  6,  which  was  taken 

53  sees,  after  Fig.  9. 
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phase  was  the  more  gradual  one  presented  in  Figs.  12,  14  and  15.  Here  a 
series  of  normal  contractions  was  suddenly  interrupted  by  the  appearance  of 
extrasystoles  following  each  contraction  of  the  auricle,  and  being  propagated 
to  the  ventricle  (Fig.  12).  This  appeared  to  be  a  continuous  bigeminus  in 
which  each  normal  auricular  contraction  was  followed  by  an  extrasystole 
arising  from  an  impulse  generated  in  the  auricle.  The  period  between  the 
weak  beat  in  Fig.  12  and  the  following  stronger  one  is  equal  to  the  period 


Fig.  14.      X   i  linear.     Acceleration  of  tlio  rhythm  to  douhle  rate  with  irregularity.       Taken  one 

second  alter  Fig.  1 2. 

prevailing  previously  in  the  normal  rhythm.  In  the  middle  of  Fig.  14,  which 
began  one  second  after  the  end  of  Fig.  12,  the  long  pause  after  the  auricular 
extrasystole  was  replaced  by  a  comparatively  short  one,  because  the  impulse 
from  the  rhythmic  area  now  occurs  at  half  the  former  interval.     Alternate 


Fig.  ir>.      X    i  linear.     Rhythm  now  regular  and  double  that  prevailing  before  the  irregularity 
was  developed.     Taken  four  seconds  after  Fig.  14. 

extrasystoles  of  auricular  origin  still  persist  throughout  Fig.  14,  as  is  seen  by 
the  short  interval  before  the  weaker  beat.     Finally,  in  Fig.  15  the  impulses 
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to  contraction  are  all  derived  from  the  rhythmic  area,  and  the  auricle  becomes 
regular.  Alternation  persists  in  the  ventricle,  and  it  is  difficult  to  determine 
from  its  tracing  alone  when  the  premature  contraction  develops  into  the 
rhythmical. 

Here  again  there  is  evidence  of  the  arrival  in  the  auricular  contractile 
substance  of  twice  as  many  impulses  as  previously,  and  the  question  arises 
whether  these  were  developed  previously  but  failed  to  reach  the  auricle,  or 
whether  the  number  of  impulses  developed  was  now  doubled.  In  favour  of 
the  latter  it  may  be  urged  that  if  the  impulses  were  previously  developed 
but  were  unable  to  reach  the  auricle,  this  must  occur  normally,  for  the 
previous  rhythm  was  that  before  aconitine  was  given.  On  the  other  hand 
it  is  difficult  to  conceive  of  the  number  of  impulses  formed  undergoing  sudden 
duplication. 

One  of  the  most  striking  features  in  the  irregular  phase  of  the  heart's 
action  under  aconitine  is  the  large  variety  of  forms  assumed,  so  that  the 
course  is  never  the  same  in  two  hearts.  Yet  the  etiology  of  these  various 
forms  may  be  reduced  to  two  factors ;  aconitine  retards  the  recuperation  of 
the  contractile  and  conductive  power,  while  it  increases  the  tendency  to 
spontaneous  movement,  i.e.,  augments  the  irritabihty  of  each  part  of  the 
heart.  The  latter  factor  is  essential  to  the  production  of  most  of  these 
forms  of  irregularity,  for  the  delayed  anabolism  alone  is  incapable  of  causing 
most  of  these.  Thus,  long  periods  of  regular  contraction  may  follow  some  form 
of  irregularity,  if  the  rhythm  is  slower,  i.e.,  though  the  contractility  and 
conductivity  are  seriously  impaired,  yet  they  are  capable  of  regeneration, 
at  the  slow  rhythm  prevailing,  and  thus  the  beats  remain  regular.  Any 
acceleration,  however,  is  sufficient  to  induce  irregularity,  the  impaired 
functions  being  unable  to  respond  to  the  greater  demands  on  them.  Digitalis 
and  its  allies,  including  calcium  and  barium,  also  give  rise  to  irregularity  in 
movement  when  large  quantities  are  administered.  Here  the  contractile 
function  is  distinctly  increased,  but  there  is  reason  to  regard  the  conduction  as 
less  augmented,  and  the  irritabilitj^  is  very  much  greater  than  usual*.  The 
earliest  irregularity  induced  is  generally  the  result  of  failure  of  the  conduction 
through  the  bundle  fibres,  the  auricle  and  ventricle  beating  in  different 
rhythms.  And  later,  most  or  all  of  the  features  may  be  reduced  to  this  factor 
together  with  the  exaggerated  irritability  with  which  the  contractihty,  even 
though  augmented,  cannot  cope.  In  aconitine  poisoning  the  function  of 
irritability  seems  to  be  augmented,  while  those  of  contraction  and  conduction 
are  decreased,  and  this  might  suggest  that  these  functions  are  incorporated 
in  different  anatomical  units,  and  thus  prove  an  argument  in  favour  of  the 
neurogenic  theory.  But  the  strength  of  the  argument  is  broken  by  considering 
that  under  digitalis  the  contraction  power  is  increased  along  with  the 
irritability,  while  the  conduction  is  not  increased  and  may  be  diminished. 


*  The  interaction  of  these  effects  is  largely  concealed  in  the  therapeutic  use  of  digitalis  by  the 
inhibitory  stimulation,  and  can  be  best  elicited  in  animals  in  which  the  vagus  has  been  divided 
and  atropine  injected. 
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And  under  caffeine,  irritability,  contraction,  and  conduction  seem  to  rise 
together,  for  irregularities  seldom  arise  from  the  failure  of  the  two  last.  And 
similarly,  under  chloroform  all  three  seem  reduced  in  equal  measure.  One 
must,  therefore,  hold  that  each  function  may  be  affected  independently  of 
the  others  by  different  drugs.  And  the  variety  of  the  forms  of  arhythmia 
in  different  hearts  shows  that  each  individual  organ  varies  in  the 
susceptibility  of  its  different  functions. 

Conclusions. 

Under  aconitine,  many  forms  of  irregularity  of  the  heart  occur,  but 
most  of  these  may  be  reduced  to  certain  types. 

(1)  Reversed  rhythm,  in  which  the  impulse  to  contraction  is  generated 

in  the  ventricle  and  spreads  upwards  to  the  auricle. 

(2)  Impaired    conduction    through    the    auriculo-ventricular    bundle, 
Avhich  may  lead  to  partial  or  complete  block  in  either  direction. 

(.3)  Alternation  in  the  strength  of  the  contractions  in  auricle  and  ventricle. 

(4)   Extrasystoles  in   auricle   or  ventricle   which    sometimes    occur  at 

regular  intervals  (continuous  bigeminus). 
(5)   Sudden   changes   in  the  rhythm  of  the  whole  heart. 
Two  or  more  of  these  types  maj'  be  present  simultaneously. 

Aconitine  has  a  greater  tendency  to  cause  pulsus  alternans  than  most 
other  poisons,  and  this  is  ascribed  to  its  production  of  exhaustion,  and  of 
delayed  recuperation  of  contractility.  Other  drugs  may  induce  alternans 
in  a  damaged  heart  by  increasing  its  irritability,  and  thus  making  demands 
which  the  contractility  is  unable  to  meet. 

Other  forms  of  irregularity  were  observed  in  unpoisoned  hearts  under 
the  influence  of  cold  and  electrical  stimulation  and  are  described. 
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NODAL    BRADYCARDIA. 

By  JAME8  MACKENZIE. 

I.  The  meaning  of  the  term  "nodal  rhythm." 

The  normal  succession  of  events  in  a  cardiac  revolution,  where  a  stimulus 
arising  in  the  great  veins  j^rovokes  a  contraction  of  the  auricle  followed  by  a 
contraction  of  the  ventricle,  is  so  well  recognised,  that  it  has  been  long  looked 
upon  as  the  only  way  in  which  the  heart  can  carry  on  its  work.  Experiments 
had  shown  that  by  stimulating  any  part  of  the  heart,  so  as  to  render  that  part 
more  excitable  than  the  normal  starting  place,  the  contraction  of  the  heart 
would  start  from  that  part.  It  had  also  been  shown  that  if  a  series  of  electrical 
stimuli  were  thrown  into  the  ventricle  at  a  rate  slightly  faster  than  the  normal 
rate  of  the  heart,  a  succession  of  cardiac  contractions  starting  at  the 
ventricle  could  be  obtained  ;  but  an  abnormal  rhythm  of  this  nature, 
arising  spontaneously  in  the  heart,  had  not  been  considered  possible.  More 
exact  observations  and  more  careful  study  of  human  irregularities  have 
demonstrated,  however,  that  the  heart's  contraction  may  start  continuously 
from  several  places,  and  experiment  has  corroborated  these  observations 
(this  Journal,  page  1).  The  recognition  of  these  abnormal  rhythms 
in  the  human  subject  becomes  possible  only  after  the  nature  of  the  move- 
ments in  the  jugular  veins  are  understood.  Two  distinctive  forms  of 
the  jugular  pulse  have  long  been  recognised  ;  one  where  the  contraction 
of  the  auricle  causes  a  distinct  wave  preceding  the  ventricular  systole, 
the  auricular  form  of  venous  pulse  (see  Figs.  1,  8,  and  16)  ;  and  one 
where  the  auricular  wave  is  absent,  but  where  there  is  one  large  wave 
synchronous  with  and  due  to  the  systole  of  the  right  ventricle,  the 
ventricular  form   of  venous   pulse. 

Until  1893  this  ventricular  form  of  venous  pulse  was  looked  upon  merely 
as  an  evidence  of  tricuspid  regurgitation.  Since  that  time  it  has  been 
gradually  recognised  that  it  has  a  further  significance.  The  presence  of  the 
ventricular  venous  pulse  implies  that  the  auricle  no  longer  contracts  at  its 
normal  place  in  the  cardiac  cycle.  Clinical  support  for  this  view  is  found  in 
the  fact  that  synchronous  with  the  appearance  of  the  ventricular  form  of  the 
venous  pulse  all  other  evidences  of  the  auricular  systole  at  the  normal  position 
in  the  cardiac  cycle  disappear  ;  for  instance,  the  disappearance  of  a  mitral 
or  tricuspid  presystolic  murmur  when  there  is  mitral  or  tricuspid  stenosis, 
the  disappearance  of  a  wave  in  the  apex  tracing  due  to  the  contraction  of 
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the  right  or  left  auricles,  the  disappearance  of  a  wave  in  the  liver  pulse  due 
to  the  systole  of  the  right  auricle. 

For  reasons  to  be  given  later  it  will  be  shown  that  in  all  probability 
the  auricles  and  ventricles  contract  simultaneously. 

In  order  to  distinguish  this  abnormal  rhythm  I  have  called  it  the  nodal 
rhythm.  In  my  earlier  papers  on  the  subject  I  had  called  it  the  "  ventricular 
rhj'thm,"  inasmuch  as  usually  the  ventricular  contraction  precedes  the 
contraction  of  the  auricle  by  a  brief  interval.  I  found,  however,  that  the 
term  "  ventricular  rhythm  "  had  already  been  employed  to  describe 
the  independent  contraction  of  the  ventricle,  wliich  occurs  in  heart-block. 
Though  the  condition  I  am  about  to  describe  has  some  aflfinity  to  this 
ventricular  rhj'thm  of  heart-block,  yet  it  is  so  very  distinct  in  other  respects 
that  a  special  term  is  needed.  As  I  have  reasoned  that  the  stimulus  for 
contraction  arises  in  an  area  which  can  start  off  ventricle  and  auricle 
together,  it  was  suggested  that  this  part  may  be  the  node  of  tissue  from 
which  the  auriculo-ventricular  bundle  runs ;  and  to  the  abnormal  rhythm 
supposed  to  arise  from  this  tissue  the  name  of  "  nodal  rhythm "  is 
provisionally  given. 

I  have  collected  many  hundreds  of  cases  of  nodal  rhythm,  and  although 
they  all  show  a  common  feature,  namely,  the  disappearance  of  the  auricular 
systole  from  the  normal  period  of  the  cardiac  cycle,  in  subjecting  them  to 
analysis  I  find  that  there  are  features  peculiar  to  hmited  numbers,  so  that 
one  can  divide  them  into  groups  more  or  less  distinctive.  It  is  with  one  of 
these  groups  I  propose  to  deal  in  this  communication. 

In  the  vast  majority  of  cases,  where  the  nodal  rhythm  is  present,  the 
heart's  action  is  at  first  more  rapid  than  normal,  sometimes  excessively  so. 
But  there  is  a  class  of  case  where,  so  far  from  the  rate  of  the  contraction  being 
more  rapid  than  the  normal,  it  becomes  slower,  and  sometimes  very  markedly 
so.  In  most  other  respects  the  character  of  the  heart's  action  corresponds 
to  the  more  common  forms  of  nodal  rhythm,  but  if,  as  seems  probable, 
these  commoner  forms  owe  their  inception  to  disease  rendering  some 
part  of  the  heart,  such  as  the  node,  more  excitable,  this  cannot  hold  good 
when  the  rate  is  much  slower  than  that  of  the  normal  rhythmic  area. 
Hence  a  search  has  to  be  made  for  some  other  cause.  Facts  pointing 
to  a  definite  cause  may  appear  when  all  the  features  connected  with 
these  cases  are  studied,  and  are  compared  with  the  results  of  experiment. 
In  the  following  pages  I  give,  first  a  brief  account  of  some  illustrative 
cases  dealing  only  with  the  features  that  bear  upon  this  abnormal  rhythm, 
and  then  discuss  some  of  the  characteristics  of  these  cases,  and  refer  to 
the  physiological  and  pathological  conditions  that  may  underlie  this 
rhythm    of    the    heart. 
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II.  Four  cases  of  slow  nodal  rhythm,   two   of  which 

PRESENTED    EPILEPTIC   MANIFESTATIONS. 

Case  1. — Old  rheumatic  affection  of  the  heart,  with  long  continued  impairment 
of  the  A-V  bundle,  with  a  delay  betiveen  the  As  and  Vs.  Sudden  inception 
of  a  slow  and  irregular  action  of  the  heart,  with  disappearance  of  all  evidences 
of  auricular  contraction,  at  first  transient,  later  permanent. 

The  first  case  to  which  I  refer  has  been  under  observation  for  a 
period  of  over  twenty-five  years,  and  I  have  dealt  more  fully  with  the 
symptoms  elsewhere'. 

Male,  born  in  1S51.  I  attended  him  for  an  attack  of  rheumatic  fever  in 
1883.  He  was  left  with  a  damaged  mitral  valve,  and  when  I  took  tracings 
of  his  jugular  pulse  in  1892  there  was  a  delay  in  the  interval  between  As 
(auricular  systole)  and  Vs  (ventricular  systole),  as  shown  by  the  increased 
a-c  interval.  With  the  exception  of  a  short  period  in  1897,  when  he  had  an 
attack  of  heart  failure  with  slight  heart-block,  his  heart  was  perfectly 
regular  at  all  times,  until  April.  1904.    Fig.  1  is  typical  of  the  tracings  of  his 
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Fig.  1.  Siinultaneous  tracings  of  tlie  radial  and  jugular  pulses.  The  rhythm  is  regular,  and  the 
auricular  wave,  a,  precedes  the  carotid  wave,  c,  though  the  a-c  interval  is  greater  than  normal ; 
V  is  the  ventricular  wave.     The  time  marker  records  1  sec.  in  all  tracings. 

The  perpendicular  lines  have  the  same  significance  in  all  the  tracings.  1,  indicates  the 
beginning  of  auricular  systole  ;  2,  the  beginning  of  the  ventricular  systole  ;  3,  the  beginning 
of  the  carotid  pulse  ;  4,  the  beginning  of  the  radial  pulse  ;  5,  the  time  of  closure  of  the 
semilunar  valves  ;  6,  the  time  of  opening  of  the  tricuspid  valves.  Tlie  shading  underneath 
represents  the  time  of  the  mmmm's  present.  Compare  this  tracing  with  Figs.  2  and  3. 
(W.H.,  29th  November,  1903.) 

radial  and  jugular  pulses  up  to  that  date.  The  rhythm  is  regular,  the  rate 
60,  and  there  is  a  well-marked  wave,  a,  in  the  jugular  tracing  due  to  the 
systole  of  the  auricle.  Tracings  from  the  apex  beat  always  showed  a  well- 
marked  wave,  due  to  the  systole  of  the  left  auricle.  During  the  later  years 
a  well-marked  murmur  at  the  time  of  the  auricular  systole  was  always  present, 
and  also  a  murmur  during  the  ventricular  systole,  and  another  at  the  early 
period  of  diastole  (see  shading  in  Fig.  1). 

On  the  19th  A^jril,  1904,  he  called  as  usual  to  report  himself  (he  was 
following  his  trade  as  a  mechanic,  and  performing  heavy  bodily  labour), 
and  I  found  his  pulse  continuously  irregular  and  much  slower  with  long 
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pauses.  Tracings  from  the  neck  showed  an  absence  of  all  evidences  of  the 
auricular  wave,  and  the  auricular  wave  was  also  absent  from  his  apex 
tracings.  The  murmur  which  had  hitherto  been  so  marked  a  feature, 
preceding  the  ventricular  systole,  had  disappeared,  and  there  now  remained 
the  murmur  during  the  ventricular  systole,  and  the  diastolic  murmur,  the 
latter   followed    during    the    long    pauses    by    a    silence    lasting    till   the 


Fig.  2.  Simultaneous  tracings  of  tlie  jugular  and  radial  pulses.  The  jugular  jjulse  is  of  the 
ventricular  form,  there  being  no  auricular  wave  preceding  the  perpendicular  line,  3.  The 
wave  a'  occurs  at  the  same  time  as  the  carotid  pulse,  and  is  probably  due  to  the  systole  of 
the  auricle  contracting  at  the  same  time  as  the  ventricle.  The  whole  heart  sometimes  stands 
still  for  a  long  period  ;  in  the  tracing  there  is  shown  a  pause  nearly  twelve-fifths  of  a  second 
in  duration.     (W.H.,  1908.) 

first  sound  (see  shading  under  Fig.  3).  The  irregular  and  slow  rate  is 
shown  in  Fig.  2.  This  irregular  action  of  the  heart  continued  till  the 
26th  April,  when  I  found  his  heart  quite  regular  and  the  auricular  wave 
present  a.s  in  Fig.  1.  The  auricular  systolic  murmur  was  also  present. 
This  action  of  the  heart  continued  till  November,  1904,  when  the  heart's 
action  again  took  on  the  irregular  and  slow  rate,  accompanied  by  the 
disappearance  of  all  the  evidences  of  the  action  of  the  auricles  (as  shown  in 
Fig.  2).    The  patient  was  not  conscious  of  any  change  in  his  heart's  action, 


Fig.  3.  Simultaneous  tracmgs  of  the  jugular  and  carotid  pulses,  showing  the  synchronism  of  the 
wave  a'  with  the  carotid  pulse.  The  shading  underneath  represents  the  time  of  the  murmurs 
in  the  cardiac  cycle.    Compare  with  Fig.  1 .     (VV.H.,  1908.) 

nor  has  this  abnormal  action  incapacitated  him  in  any   way,  for  he  has 
continued  his  work  uninterruptedly  (1909). 
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In  the  jugular  tracings  from  this  patient  while  the  normal  rhythm 
prevailed  there  was  always  a  well-marked  carotid  wave  (r  in  Fig.  1.).  When 
the  nodal  rhythm  occurred  a  small  wave  was  present  at  exactly  the  same  time 
as  the  carotid  (perpendicular  line  3  in  Figs.  2  and  3).  I  have  never  been  able 
to  satisfy  myself  whether  this  was  due  to  the  carotid  impact,  or  whether  it 
was  a  wave  in  the  vein,  corresponding  to  the  wave  a '  in  the  tracings  from 
cases  2  and  3.  I  incline  to  the  latter  view,  for  in  other  cases  I  have  observed 
this  wave,  a',  exactly  synchronous  with  the  carotid  pulse,  and  its  presence 
could  be  detected  in  the  pulsation  of  the  veins  on  inspection. 

Case  2. — Sudden  inception  of  nodal  bradycardia,  lasting  for 
about  three  iceeks. 
Male,  born  1852,  a  stout  health\--looking  individual.  I  had  kno\An  him 
for  about  twentj'-eight  years,  and  had  attended  him  at  various  times  for 
trivial  complaints,  and  in  1903  for  an  attack  of  erysipelas  of  the  face.  He 
had  enjoyed  good  health,  was  getting  fat  and  somewhat  short  of  breath. 
On  the  9th  November,  he  was  hurrying  from  the  train  at  Oldham  to  a 
football  match,  a  mile  distant  from  the  station.  As  he  approached  the 
football  field  he  was  seized  with  pain  across  the  middle  of  the  chest,  but  as 
it  was  not  severe  he  pushed  on  till  he  arrived  at  the  field.  He  sat  down, 
but  the  pain  increased,  striking  into  both  arms,  and  his  hands  went  white  and 
cold.  He  felt  as  if  he  wanted  to  breathe  deeply  but  could  not.  He  endured 
the  suffering  for  twenty  minutes,  and  as  it  became  worse,  and  he  felt  as  if  he 
would  die,  he  was  assisted  off  the  field,  put  into  a  cab  and  driven  to  the  station. 
Hf  was  given  some  brandy  which  made  him  sick.  The  pain  gradually 
diminished,  and  he  returned  to  Burnley  by  train  ;  as  he  was  better  he  walked 
home  (about  a  c^uarter  of  a  mile),  but  felt  sick  and  short  of  breath.  He  went 
to  bed,  and  one  of  my  colleagues  saw  him  and  found  his  pulse  between  30 
and  40  beats  per  minute.  I  saw  him  next  morning.  He  felt  very  weak ; 
the  pain  was  nearly  gone,  though  it  had  kept  recurring  through  the  night. 
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Fig.  4.  Simultaneous  tracings  of  the  jugular  and  radial  pulses.  The  jugular  pulse  is  of  the 
ventricular  form ;  the  wave  a'  occurring  diu'ing  ventricular  systole.  Pulse  rate  40  per  minute. 
(T.A.,  24th  November,  1907.) 

He  had  some  pain  if  he  took  a  deep  breath.    Tlie  jDulse  rate  \\  as  52,  the  heart's 
dulness   extended   from   mid-sternum  to  2  inches  beyond  the  nipple  line  ; 
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apex  beat  faint  in  the  5th  intersjjace  ;  sounds  clear  and  free  from  murmur. 
The  superficial  jugular  vein  was  very  full  but  did  not  pulsate.  The  deep 
jugular  was  large,  fiUing  up  during  ventricular  sj-stole,  and  collapsing 
suddenly  at  the  beginning  of  ventricular  diastole  (Fig.  4).  There  was 
no  sign  of  an  auricular  wave  preceding  the  ventricular  systole.  The  patient 
was  kept  in  bed,  and  his  condition  did  not  undergo  much  change  for  the  next 
fortnight,  except  that  the  pain  gradually  grew  less  till  it  finally  disappeared 
and  he  was  able  to  sit  up.  The  pulse  rate  varied,  sometimes  falling  as  low 
as  30,  but  never  rising  above  52.     On  the  24th  November  a  long  tracing 
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Fig.  5.  Simultaneous  tracings  of  the  apex  beat  and  radial  pulse  in  the  tiist  part  of  the  tracing,  and 
of  tlie  carotid  and  radial  in  the  latter  part,  to  show  the  apex-radial  interval  (space  between 
the  lines  2  and  4),  and  the  carotid-radial  interval  (space  between  3  and  4)  to  assist  in  the 
interpretation  of  Figs.  4  and  6. 

was  taken  with  the  ink  polygraph,  and  the  rate  showed  great  uniformity; 
the  rh3'thm  «as  also  quite  regular.  Figs.  4  and  6  are  small  portions  of  the 
tracing  taken  on  that  day,  and  represent  the  same  features  as  were  present 
on  the  10th  November  ;  the  rate  was  40  per  minute,  the  rhythm  regular, 
and  the  venous  pulse  of  the  ventricular  form.  When  I  next  examined  him  on 
the  29th  November,  his  pulse  liad  increased  in  rate,  with  occasional  inter- 
missions, shown  in  the  radial  tracings  of  Fig.  7.  I  had  now  the  greatest 
difficulty  in  getting  a  tracing  of  the  jugular  pulse  ;  he  had  a  very  short 
fat  neck.  But  imperfect  as  the  tracings  are  they  show  a  return  of  the  auricular 
wave  a  to  its  normal  period  before  c.  The  record  of  the  jugular  pulse  is 
not  sufficiently  clear  to  enable  me  to  recognise  with  certainty  the  cause  of  the 
intermissions,  the  difference  in  their  length  probably  indicates  a  difference 
in  their  cause.  From  this  date  he  gradually  improved,  and  has  been  able 
to  get  about,  though  he  is  perhaps  a  little  shorter  of  breath  than  before 
his  attack.  I  took  tracings  from  him  in  December,  1908,  and  Dr.  John 
Watson  took  the  tracing  (Figs.  8  and  8a)  on  the  11th  May,  1909.  The 
venous  pulse  was  the  same  on  both  occasions,  and  showed  an  auricular 
wave,  a,  preceding  the  carotid  wave,  c,  while  the  rate  was  68  per  minute  ; 
the  rhythm  was  regular  as  in  Figs.  8  and  8a. 

The  tracings  of  the  jugular  pulse  in  Figs.  4  and  6  show  a  variation  in  their 
character  during  the  ventricular  systole,  the  wave  is  sometimes  split  in  two. 
This  division  varies  with  the  respiration,  and  is  greatest  during  inspiration, 
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while  it  almost  disappears  when  the  breath  is  held,  the  vein  becoming  full 
and  turgid  as  in  the  latter  part  of  Fig.  6.  When  an  accurate  analysis  of  the 
time  of  the  appearance  of  the  wave  a'  is  made,  it  is  found  to  precede  the  time 
of  appearance  of  the  carotid  pulse,  but  to  be  synchronous  with  the  beginning 
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Figs.  8  and  8a.  (Fig.   8a  is   the  direct    continuation   of    Fig.   8.)      Simultaneous  tracings  of 

the  jugular  and  radial  pulses  in  the  first  part  of  this  tracing,  and  of  the  carotid  and  radial  in 
the  last  part.  The  rate  is  72  i^er  minute,  and  the  rhythm  regular  except  for  an  occa.sional 
intermission  which  the  jugular  tracing  shows  to  be  due  to  a  ventricular  extrasystole — the 
large  wave,  a',  being  due  to  the  normal  auricular  systole  occurring  at  the  same  time  as  the 
premature  ventricular  contraction,  so  that  the  blood  from  the  auricle  cannot  enter  into  the 
ventricle,  and  is,  therefore,  thrown  back  into  the  veins,  producing  the  large  wave  a'. 
(T.A.,  nth  May,  1909.) 


of  ventricular  sj'stole.  Thus  Fig.  5  shows  the  apex  beat  and  radial  pulse,  and 
the  interval  between  the  peri^endicular  lines  2  and  4  gives  the  time  between 
the  beginning  of  ventricular  systole  and  the  apjiearance  of  the  pulse  in  the 
radial.  In  Fig.  4  the  same  interval  between  2  and  4  is  shown  to  exist  between 
the  appearance  of  the  wave  a '  and  the  radial  pulse,  while  the  time  between 
3  and  4  represents  the  carotid-radial  interval  as  shown  in  Fig.  5.  From  these 
tracings  it  can  be  stated  that  the  factor  producing  the  wave  a '  coincided  with 
the  beginning  of  ventricular  systole,  and,  as  I  shall  show,  there  is  presumptive 
evidence  that  the  wave  a   was  caused  bv  the  auricular  svstole. 
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Case  3. — Inception  of  the  nodal  rhythm,  the  heart's  rate  at  first  not  infrequent, 
but  becoming  slow  unth  attacks  of  unconsciousness  and  epileptic  fits. 
Recovery  from  the.se  attacks  with  an  increase  in  the  heart's  rate. 

Male,  born  1S38.  I  have  known  this  patient  intimately  since  1894.  He 
was  a  healthy,  vigorous  man  up  till  1907.  He  was  a  very  heavy  smoker,  and 
for  a  great  many  years  he  smoked  two  ounces  of  tobacco  and  half  a  dozen 
cigars  a  day.  I  had  occasion  to  examine  him  in  1906,  and  found  his  heart 
normal  in  rate  and  rhythm,  though  for  some  years  he  had  been  rather  short 
of  breath.  I  again  examined  him  in  February,  1907,  and  found  that  his  heart 
was  continuously  irregular  with  the  disorderly  rhythm  characteristic  of  the 
nodal  rhythm  (Figs.  11  and  12).  He  was  not  conscious  of  the  change,  but 
there  «  as  a  further  increase  in  his  breathlessness.    He  was  still  able  to  attend 


Fig.  9.  'Simultaneous  tracings  of  tlie  jugular  and  radial  pulses.  The  jugular  pulse  is  of  the 
ventricular  form.  During  the  long  pauses  in  the  radial  pulse,  there  are  small  premature 
beats,  ti',  in  the  jugular.  The  pulse  rate  varied  from  25  to  30  beats  per  minute.  The  patient 
was  just  recovering  from  a  series  of  sj-ncopal  and  epileptic  attacks.  (W.X.,  11th 
October,  1907.) 

to  business,  and  to  play  a  game  of  golf.  He  lived  some  distance  from  me, 
and  I  did  not  see  him  again  until  the  11th  October,  1907,  when  I  was  asked 
to  see  him  with  his  medical  attendant.  Dr.  O'Connor,  to  whom  I  am 
indebted  for  an  excellent  account  of  his  many  seizures.  The  history  given 
was  that  his  pulse  had  become  very  slow  for  some  months,  and  that  latterly 


Fig.   10  shows  the   same  features   as  in  Fig.  9,  except   the   wave  a'  and  fall  y  is  more  distinct. 
(W.X.,  nth  October,  1907.) 

he  had  been  seized  at  times  with  attacks  of  unconsciousness.  The  pulse 
rate  on  such  occasions  was  found  below  30  beats  per  minute.  He  was  very 
weak  and  faint  when  I  saw  him.  the  jnilse  varying  in  rate  from  30  to  40  beats 
per  minute,  and  irregular  with  long  pauses  at  times.     During  the  long  pauses 
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there  was  often  a  small  premature  beat  in  the  jugular  (see  v'  Fig.  9).  The 
heart's  dulness  extended  li  inches  beyond  the  left  nipple,  and  there  was 
a  soft  blowing  murmur  at  the  apex.  There  was  a  small  amount  of  albumen 
in  the  urine.  The  attacks  of  unconsciousness  continued,  and  I  saw  him  again 
in  November,  when  the  heart's  condition  was  much  the  same.  After  this  the 
pulse  rate  increased,  the  attacks  disappeared,  and  he  went  to  Torquay  in 
June,  1908,  where  he  had  a  slight  recurrence  of  his  attacks  of  loss  of  conscious- 
ness. From  this  he  recovered,  and  continued  well  till  the  4th  August,  when 
after  some  eiTort  he  was  seized  with  great  breathlessness,  and  the  attacks 
of  unconsciousness  recurred.  These  increased  in  number  and  severity,  and 
for  two  whole  days  he  was  unconscious  and  deeply  cyanosed.  For  some 
hours  he  passed  from  one  epileptic  seizure  to  another  as  if  affected  with 
ursemic  convulsions.  He  also  developed  Cheyne-Stokes  respiration.  The 
pulse  during  these  convulsive  attacks  was  not  perceptible.  The  severity 
of  the  attacks  gradually  lessened,  and  in  the  month  of  September  his  pulse 
rate  rose  to  50  or  60  beats  per  minute.  In  October  he  had  a  number  of 
very  transient  fainting  attacks.  Dr.  O'Connor  described  the  attacks  as 
resembling  fetit-mal.  Thus,  while  the  doctor  was  talking  to  him,  the  patient's 
face  would  suddenly  become  pale,  and  consciousness  would  be  lost  for  a 
brief  period.    During  these  attacks  no  pulse  could  be  felt  at  the  radial. 


Fig.  11.  Simultaneous  tracings  of  tlie  carotid  and  radial  pulses.  The  patient  had  been  free  from 
syncopal  attacks  for  some  months,  and  the  pulse  rate  was  usually  between  60  and  70.  There 
was  no  jugular  pulse,  and  the  only  movement  recorded  in  the  neck  was  due  to  the  carotid. 
(W.N.,  18th  December,  1908.) 


I  saw  him  again  on  the  18th  December,  1908.  He  was  able  to  go  about, 
and  had  been  free  from  attacks  for  a  few  weeks.  The  pulse  was  rather  slow, 
about  60  per  minute,  and  irregular  (Fig.  ]  I).  The  heart's  dulness  extended 
IJ  inches  beyond  the  left  nipple,  the  sounds  were  clear,  with  a  faint  doubUng 
of  the  first  sound.  There  was  no  pulsation  in  the  veins  of  the  neck,  and  the 
movement  registered  in  Fig.  1 1  was  entirely  due  to  the  carotid.  There  was  no 
dropsy,  and  the  urine  was  free  from  albumen. 

On  the  5th  May,  1909,  he  was  seen  by  Dr.  John  Hay,  who  took  a  long 
tracing  with  the  ink  polygraph.  The  rhythm  was  of  the  disorderly  kind, 
characteristic  of  the  nodal  rhythm,  and  the  jugular  pulse  was  of  the  ventricular 
form.    I  had  looked  upon  this  case,  at  first,  as  an  instance  of  Adams-Stokes 


NODAL      BRADYCARDIA. 


33 


syndrome,  due  to  heart-block,  but   at  the  time  I  was  puzzled  to  account 
for  the  fact  that  he  had  nodal  rhythm  prior  to  the  onset  of  the  attacks  of 
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Fig.   12.     Simultaneous   tracings   of  the   jugular   and  radial  pulses.     The  rhythm  is  disorderly, 
and  the  jugular  pulse  of  the  ventricular  form.     (W.N.,  5th  May,  1909.) 


unconsciousness  and  slow  heart  rate,  and  also  because  of  the  nature  of  the 
jugular  pulse  in  Figs.  0  and  10,  where  it  is  shown  to  be  of  the  ventricular 
t\-pe.  The  tracing  of  the  jugular  has  never  been  shown  to  be  of  this  type  in 
cases  of  heart-block.  Case  2,  which  came  under  my  observation  in  December, 
1907,  also  puzzled  me,  and  it  was  only  when  I  began  to  analyse  the  tracings 
more  carefully  that  the  nature  of  the  tracings  from  this  patient  dawned  upon 
me,  and  that  it  became  obvious  that  here  we  had  an  instance  not  of  blocking 
of  the  stimulus  between  auricle  and  ventricle,  but  one  of  slow  nodal  rhythm 
producing  anaemia  of  the  brain. 


Case  4.— Permanent  nodal  rhijtJim,  bradycardia  associated  icith  mitral  stenosis. 
Occasional  attacks  of  syncope  and  convulsions  (  Adams-Stokes  syndrome). 

(I  am  indebted  to  Dr.  Gordon  Goodhardt  for  the  opportunity  of 
examining  this  patient.) 

Male,  born  1865.  When  a  soldier  in  India  he  had  dysentery  at  the  age 
of  20,  syphilis  at  the  age  of  22.  He  had  malarial  fever  in  America  at  the 
age  of  27.  In  1894  he  had  the  first  attack  of  syncope.  After  lying  up  a  week 
he  went  out,  and  in  hurrying  to  avoid  a  cab  he  fell  unconscious  on  the  pave- 
ment, but  quickly  recovered.  He  consulted  a  doctor,  who  said  his  heart  was 
affected.  Two  years  later  he  was  laid  up  with  shortness  of  breath  and 
swelling  of  the  legs,  and  was  treated  for  "  mitral  disease."  He  partially 
recovered,  and  had  frequent  attacks  of  weakness  until  the  final  breakdown 
occurred  in  1905.  He  had  been  feeling  ill  for  some  years,  but  had 
worked  hard,  and  had  kept  himself  going  on  brandy,  bovril,  eggs,  etc.  He 
says  his  pulse  was  slow  four  years  ago,  and  that  it  has  remained  so  ever  since. 

In  1904  he  began  to  have  mild  "  fits  "  in  which  he  lost  consciousness  and 
was  slightly  convulsed.  From  November,  1905.  to  April,  1906,  he  had  a 
great  number  of  fits,  some  severe  with  convulsions  and  cyanosis,  others 
slight  without  convulsions.    He  had  no  attacks  for  a  year,  but  he  had  a  very 
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severe  one  in  April,  1907,  and  since  then  only  three  mild  attacks.  He  had 
lived  a  life  of  hard  work  ^vith  frequent  bouts  of  drinking. 

The  patient  is  tall,  spare,  and  intelligent  looking.  The  face  is  usually 
ruddy,  with  a  faint  duskiness.  He  walks  slowly  and  carefully,  and  his  gait 
is  slightly  ataxic  ;  if  he  hurries  or  gets  excited  he  becomes  giddy.  He 
has  a  somewhat  violent  temper,  and  when  in  a  passion  his  face  becomes 
dusky  and  cyanosed.  When  lying  down  there  is  a  large  pulsation,  seen  in 
the  deep  jugular  on  both  sides,  heaving  in  the  lower  part  of  the  neck,  as  in 
Fig.  13,  more  abrupt  and  di\nded  into  two  at  the  ujjper  part,  as  in  Figs.  14 
and  15.    It  is  very  slow  and  synchronous  with  the  apex  beat. 

The  radial  pulse  is  slow  and  deliberate,  usually  about  30  per  minute. 


Fig.   13.     Simultaneous  tracings  of  the  jugular  and  radial  pulses.     The  jugular  pulse  is  of  the 
ventricular  form,  and  the  rate  about  28  per  minute.     (M.M.,  9th  November,  1908.) 


At  times  two  beats  are  close  together,  and  are  followed  by  a  long  jDause. 
These  coupled  beats  may  appear  at  rare  intervals  or  alternate  with  a  single 
beat,  or  they  may  appear  continuously  for  a  short  period.  The  apex  beat 
is  large  and  diffuse  in  the  6th  interspace,  and  in  the  anterior  axillary  line. 
The  heart  dulness  extends  1  inch  to  the  right  of  the  middle  hne  and  8  inches 
to  the  left. 

There  is  a  rough  blowing  systolic  murmur  heard  best  at  the  apex  and 
propagated  towards  the  axilla.  The  second  sound  is  clear  and  well  struck 
and  followed  b}'  a  soft  murmur.  This  diastolic  murmur  is  heard  only  over 
a  limited  space  at  the  apex,  and  is  not  alwaj's  perceptible.  It  is,  as  a 
rule,  faint  and  fades  away.  (The  sounds  and  murmurs  as  heard  at  the 
apex  are  diagrammatically  drawn  in  Fig.  14). 

A  large  number  of  tracings  have  been  taken  from  this  patient  at 
different  times  and  they  always  present  the  same  features,  the  onh'  difference 
being  that  sometimes  the  coupled  beats,  as  in  Fig.  13,  are  more  frequent 
or  are  entirely  absent.  The  rhythm  is,  as  a  rule,  quite  regular  though  an 
irregularity  like  that  shown  in  Fig.  14  may  sometimes  be  detected.  The 
jugular  tracing  .shows  one  large  wave  occupying  the  whole  time  of 
ventricular  systole.  The  beginning  is  synchronous  with  the  carotid  pulse 
as  in  Fig.   15.      In  some  tracings  taken  about  the  middle  of  the  neck,  the 
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wave  is  diAnded :  the  first  part  I  have  marked  a '.  Though  synchronous 
with  the  carotid  it  is  not  due  to  the  carotid  as  its  presence  is  quite  per- 
ceptible in  the  vein.  The  later  of  the  coupled  beats  may  not  be  present 
in  the  radial,  but  is  always  distinct  in  the  jugular  and  apex  tracings. 

The  presence  of  systolic  and  diastolic  murmurs  at  the  apex  indicates  a 
lesion  of  the  mitral  valves.  The  diastolic  murmur  also  indicates  that  there 
is  a  certain  degree  of  stenosis,  and  here,  as  in  other  forms  of  nodal 
rhythm,  there  is  a  complete  absence  of  an  auricular-systolic  (presystolic) 
murmur  preceding  the  first  sound. 


III.    The  tendency  to  stand-still  of  the  heart  in  nodal 

RHYTHM,    WITH    NOTES  OF    TWO    FURTHER    CASES. 

The  tendency  for  long  pauses  in  the  heart's  action  in  cases  of  nodal 
rhythm,  such  as  those  seen  in  Figs.  2  and  9,  has  been  a  matter  of  interest 
to  me  for  many  years.  These  pauses  maj^  not  produce  any  symptoms,  but 
they  may  last  long  enough  to  produce  ansmia  of  the  brain  with  transient 
loss  of  consciousness,  and  even  the  more  prominent  phenomena  of  Adams- 
Stokes  syndrome  (cases  3  and  4).  The  symptoms  then  resemble  those 
of  the  more  common  condition,  auriculo-ventricular  block.  I  have  been 
impressed  by  the  fact  that  not  a  few  cases  of  nodal  rhythm  die  suddenly, 
and  it  seems  that  this  tendency  to  long  pauses  shown  in  the  figures  may  be 
the  immediate  cause  of  death,  as  in  case  5.  The  proof  of  this  view  is  not 
complete,  but  the  following  cases  are  also  very  suggestive. 

Case   5. —  Nodal  rhythm,   infh  long  pauses  in  the  heart's  action,  producing 
attacks  of  unconsciousness  and  probably  the  death  of  the  patient. 

Female,  born  1854.  I  had  known  this  lady  for  many  years.  She  had 
a  large  goitre,  and  for  the  last  few  years  of  her  life  her  heart  was  continuously 
irregular.  She  was  not  robust,  but  was  able  to  attend  to  her  household 
duties  ;  she  was  liable  to  attacks  of  palpitation,  and  had  frequent  attacks  of 
syncope,  which  I  could  not  account  for  at  that  time.  On  the  2nd  July,  1902, 
I  was  summoned  to  see  her,  and  on  my  arrival  I  found  her  recovering  from 
an  attack  of  unconsciousness  during  which  she  had  been  convulsed.  Her 
face  had  a  deathly  ex-sanguine  appearance.  She  gradually  recovered,  and 
her  colour  improved  in  the  course  of  half  an  hour.  On  inquiry,  I  found  that 
she  Mas  talking  to  her  sister  when  she  fell  down  in  a  faint  and  became 
convulsed  for  a  few  minutes. 

When  I  examined  her,  the  heart  was  acting  irregularly  but  with  fair 
strength.  During  the  next  few  daj's  her  heart  was  irregular  with  long 
pauses  as  shown  in  Fig.  16,  taken  on  the  3rd  Jul}',  1902.  She  sometimes  lost 
consciousness  for  a  few  seconds,  but  I  did  not  see  her  at  those  times.    On  the 
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7th  July  I  was  again  summoned  to  see  her,  but  when  I  arrived  she  was  dead. 
I  was  informed  that  she  liad  again  fainted,  become  convulsed,  and  then 
lay  quite  quiet. 


Fig.  16.  Simultaneous  tracings  of  the  apex-beat,  and  of  the  radial  pulse.  The  rhytlim  is  disorderly 
and  characteristic  of  the  nodal  rhytlmi,  with  frequent  long  pauses.  It  was  probably  in 
consequence  of  these  long  pauses  that  the  patient  suffered  from  attacks  of  unconsciousness 
£ind  conx-ulsions.     {M.B.,  7th  July,  1902.) 


Case  6. — Large  auricular  waves  in  the  jugular  and  liver  pulseti.     Presystolic 
mitral  and  tricuspid   murmurs.     Sudden  disappearance  of  all 
signs  of  auricular  contraction  with  the  appearance  of  the 
nodal  rhythm.     Sitdden  death. 
This  case  is  recorded  in  more  detail  elsewhere'. 

Female,  born  1862.  This  patient  had  been  under  my  care  for  a  few  years, 
and  amongst  other  phenomena  there  were  mitral  and  tricuspid  presystolic 
murmurs,  large  pulsation  of  the  jugular  bulb,  the  big  wave  was  visible  at 
a  distance  of  many  yards,  and   the  jiatient  was  conscious  of  the  pulsation 


Fig.  17.  Simultaneous  tracings  of  the  jugular  and  radial  pulses.  The  jugular  pulse  is  of  the 
auricular  form,  there  being  a  large  wave,  a,  due  to  the  auricular  systole.  There  were  also 
present  tricuspid  and  mitral  presystolic  murmurs,  and  an  auricular  liver  pulse.  (.\.R., 
4th  October,  1895.) 


in  the  jugular  bulb.  The  time  of  its  aj^pearance  showed  it  to  be  due  to  the 
auricular  systole  (Fig.  17).  The  pulsation  did  not  extend  into  the  jugular 
veins  in  the  neck,  as  the  valves  above  the  bulb  were  competent,  and  closed 
with  such  force  that  a  short  sharji  sound  was  produced,  which  was  syn- 
chronous with  the  large  wave,  and  preceded  the  first  sound  of  the  heart. 
I'here  was  also  a  marked  pulsation  in  the  Uver  due  to  the  auricular  systole. 
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The  heart  was  invariably  regular,  except  on  one  or  two  occasions,  when  T 
detected  an  extrasystole.  On  the  9th  October,  1895,  she  called  my  attention 
to  the  fact  that  the  beating  in  the  neck  had  ceased  during  the  previous  night. 
On  examination  I  found  that  the  heart  was  irregular,  with  a  tendency  to 
long  pauses,  that  the  auricular  wave  had  gone  from  the  jugular  bulb  (Fig.  18), 


Fig.  18.  Tlie  upper  tracing  was  taken  from  the  neck  at  tlie  place  fiom  whicli  the  jugular  pulse 
in  Fig.  17  wag  taken  a  week  later.  There  is  no  auricular  wave  present,  and  only  one  small 
wave  during  ventricular  systole.  The  rhythm  is  irregular,  and  slower  than  in  Fig.  19  ;  the 
presystolic  murmurs  and  the  liver  pulse  had  disappeared.  The  patient  fell  down  and  died 
three  days  after  the  inception  of  this  abnormal  rhythm.     (A.R.,  12th  Oct;ober,  1895.) 


and  that  there  was  no  pulsation  in  the  liver.  The  presystolic  murmurs  at 
the  mitral  and  tricuspid  orifices  had  disappeared,  and  also  the  auricular  sound 
in  the  jugular  bulb. 

On  the  13th  October,  1895,  on  getting  out  of  bed,  she  fell  down  and  died. 


IV.  The  action  of  the  auricle  in  nodal  rhythm. 

From  the  study  of  the  foregoing  cases  it  can  bo  seen  that  there  is  a 
slow  action  of  the  heart,  which  is  coincident  with  the  disappearance  of  the 
auricular  systole  from  the  normal  period  in  the  cardiac  cycle.  The  question 
arises.     What  is  the  auricle  doing  ? 

In  my  earlier  observations  I  had  watched  individual  cases,  and  had  seen 
the  ventricular  wave,  v,  of  the  auricular  venous  pulse  gradually  increase  in 
size,  till  finally  the  A'enous  jiulse  changed  from  the  auricular  form.  From 
this  I  inferred  that  the  auricle  had  become  so  engorged  that  it  ceased  to 
conti'act.  Some  support  for  this  view  was  found  in  the  great  distension  of  the 
auricles  and  thinning  of  the  auricular  wall,  which  I  found  post  mortem  in  a 
patient  in  whom  I  had  detected  these  changes  during  life.  Further  obser- 
vation showed  that  this  experience  was  exceptional ;  that  in  many  patients 
the  appearance  of  the  ventricular  venous  pulse  was  sudden  and  not  pro- 
duced by  a  gradual  increase  in  size  of  the  v  wave,  while  there  were  other 
patients  who  exhibited  the  ventricular  venous  pulse  for  many  years,  and  a 
hypertrophied  auricular  muscle  was  found  post  mortem.     It  was  impossible  to 
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conceive  that  such  hypertrophied  muscle  could  liave  been  inactive  for  years. 
Further,  in  a  number  of  cases  the  nodal  rh^-thm  was  transient — the  auricle 
suddenly  appearing  in  its  normal  place,  and  the  heart  reverting  to  its  normal 
action.  A  more  careful  inspection  of  the  jugular  veins  during  life  revealed 
the  fact  that  during  the  systole  of  the  ventricles  two  \vaves  could  be  seen,  which 
could  be  shown  in  the  tracings,  one  wave  short  and  abrupt,  synchronous  with 


.  19.  Simultaneous  tracings  of  the  radial  and  jugular  pulses.  The  jugular  tracing  is  of  the 
ventricular  type,  and  shows  a  well-marked  wave,  a',  due  probably  to  the  auricle  contracting 
at  the  same  time  as  the  ventricle.  Rate  38  pjr  minute.  The  infrequent  rate  is  due  to 
digitalis. 


the  beginning  of  the  ventricular  systole  (a  Fig.  19).  and  the  other  slower  and 
larger,  lasting  during  the  remainder  of  systole  (v  Fig.  19).  I  reasoned  from 
such  instances  that  the  auricle  must  have  contracted  during  the  ventricular 
systole,  that  the  fall  after  a'  in  such  a  tracing  as  in  Fig.  19  was  really  due 
to  the  diastole  of  the  auricle.  This  view  was  strengthened  by  the  fact  that 
occasionally,  when  the  ventricle  paused,  the  wave  a'  would  ajipear  by  itself, 
and  was  not  followed  by  the  wave  v,  as  I  have  described  elsewhere\  In 
carefully  examining  a  large  number  of  cases  I  found  the  wave  a'  exactly 
synchronous  with  the  beginning  of  the  carotid  pulse,  as  in  Figs.  3  and  15, 
and  careful  inspection  in  suitable  cases  showed  that  it  ^\  as  not  due  to  the 
carotid  but  to  an  actual  wave  in  the  veins.  I  reasoned  that  in  such  cases  the 
ventricle  must  have  begun  to  contract  before  the  auricle,  inasmuch  as  there 
is  a  slight  delay  (the  jDresphygmic  interval)  between  the  beginning  of  the 
ventricular  systole  and  the  appearance  of  the  carotid  pulse,  and,  therefore, 
in  these  cases,  between  the  beginning  of  the  ventricular  sj'stole  and  the 
auricular  systole.  In  a  few  cases  I  found  that  this  delay  was  absent,  and  that 
the  wave  a'  preceded  the  carotid  pulse  by  a  brief  interval,  as  in  Fig.  6. 

Recently,  abnormal  rhj'thms  of  the  heart  have  been  produced  experi- 
mentally (cj).  Cushny,  i\\\s  J ournal ,  page  1)*.  They  include  a  rajjid  action  of 
the  heart  with  ventricle  and  auricle  contracting  simultaneously,  the 
ventricular  systole  preceding  the  auricular  by  a  brief  interval,  and  also  a  slow 
action  of  the  heart  with  ventricle  and  auricle  contracting  simultaneously,  the 


Similar  results,  as  yet  unpublished,  have  been  obtained  by  Biggs  and  Lewis. 
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ventricle  usually  preceding  the  auricular  contraction,  but  sometimes  auricle 
and  ventricle  starting  simultaneously. 


V.  Physiological  and  pathological  considerations. 

From  a  study  of  the.se  cases  we  must  conclude  that  there  are  regions  in 
the  heart  capable  of  starting  and  maintaining  a  rhythm  other  than  that  of 
the  normal  rhythmic  area.  Assuming  that  the  view  of  simultaneous  contrac- 
tion of  auricle  and  ventricle  is  correct,  there  must  be  such  an  area  situated  in 
some  region  where  the  stimulus  can  reach  the  auricle  and  ventricle  at  the  same 
moment,  or  where  the  ventricle  receives  the  stimulus  before  the  auricle.  When 
we  consider  that  the  starting  of  the  heart's  contraction  is  normally  in  tissue 
which  represents  in  the  mammalian  heart  the  sinus  venosus  of  the  lower 
animals,  it  may  be  surmised  that  these  abnormal  starting  places  will  be  in 
primitive  tissues  of  the  same  origin  as  the  remains  of  the  sinus  venosus.  We 
now  recognise  that  the  auriculo-ventricular  node  and  bundle  are  the  remains 
of  the  primitive  cardiac  tube,  and  as  the  node  apjiears  to  be  suitably  situated, 
I  have  suggested  that  this  may  be  the  place. 

I  had  reasoned  that  as  the  heart's  contraction  starts  at  the  most  excitable 
place,  it  was  probable  that  the  node  or  the  bundle  in  its  neiglibourhood  was 
made  more  excitable  than  the  normal  rhythmic  area  by  some  morbid  process 
invading  it.  In  order  to  test  this  view  I  collected  the  hearts  of  a  number  of 
patients,  who  had  shown  the  abnormal  rhythm  during  life,  and  sent  them  for 
examination  to  Dr.  Arthur  Keith. 

In  these  hearts  Dr.  Keith  found  that  the  node  and  bundle  were  invaded 
by  cicatricial  tissue,  or  by  inflammatory  cells.  In  these  instances  the  morbid 
process  was  but  part  of  a  similar  condition  affecting  the  adjacent  muscular 
tissue,  so  that  one  could  not  draw  the  conclusion  that  the  abnormal  rhythm 
was  due  alone  to  irritation  of  the  node  with  certainty,  although  the 
condition  afforded  presumptive  evidence  in  favour  of  such  a  view. 

With  one  exception  all  these  cases  had  shown  at  one  time  or  other  an 
increased  rate,  during  life.  Sometimes  the  rate  was  greatly  increased  and 
intermittent  (paroxysmal  tachycardia),  and  it  could  be  reasoned  that  the 
node,  being  more  excitable,  started  the  contraction  before  the  normal 
rhythmic  area.  How  is  this  slow  nodal  rhythm  to  be  accounted  for  ?  From 
a  study  of  these  cases  it  is  not  only  obvious  that  slow  nodal  rhythm  may 
arise  without  any  previous  increase  in  the  heart's  rate,  but,  as  in  case  3, 
a  fast  nodal  rhythm  of  the  usual  form  may  be  succeeded  by  a  slow  one.  One 
must,  therefore,  conclude  that  an  area  in  the  region  between  auricl?  and 
ventricle  exists  which  is  capable  of  inducing  a  slow  cardiac  rhythm  of  this 
abnormal  type,  and  that  the  disease  in  its  progress  has  invaded  and 
stimulated  this  area. 

MacWilliam'  described  a  small  area  in  the  auricular  wall,  near  the 
coronary  sinus,  stimulation  of  which  invariably  produced  marked  slowing  of 
the  ventricular  rate.    It  is  quite  conceivable  that  the  disease  occurring  in  this 
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neighbourhood  may  have  extended  to  and  affected  the  inhibitory  area  of 
Mac  William,  or  some  other  similar  region.  In  certain  cases  of  nodal  rhythm 
with  a  frequent  heart  rate,  a  slow  nodal  rhythm  can  be  induced  by  the 
action  of  digitalis  (Fig.  19).  So  sensitive  are  certain  of  the.?e  nodal  rhythm 
hearts  to  digitalis  that  I  have  been  able  to  increase  or  to  diminish  the  heart 
rate  by  exhibiting  or  withholding  the  drug. 

This  form  of  slow  ventricular  and  auricular  action  is  quite  distinct  from 
heart-block,  to  which  otherwise  it  has  certain  affinities.  In  the  latter  con- 
dition there  is  an  interru^jtion  of  the  stimulus  between  auricle  and  ventricle,  so 
that  the  ventricle  does  not  respond  to  all  the  auricular  systoles,  or,  if  the 
block  is  complete,  the  ventricle  pursues  an  independent  rhythm  of  its  own. 
In  such  conditions,  if  a  venous  pulse  is  present,  it  always  shows  waves  due  to  the 
auricular  systole,  and  a  jugular  pulse  of  the  ventricular  type  is  never 
seen.  But  that  there  is  some  close  relationship  between  heart-block  and  the 
nodal  rhythm  is  evident  from  the  history  of  case  1,  where  the  increased  a-c 
interval,  and  the  partial  heart-block  from  which  he  suffered  in  1897,  shows 
that  the  lesion  had  invaded  the  auriculo-ventricular  bundle.  However,  when 
the  bradycardia  appeared  it  could  be  proved  not  to  have  resulted  from  an 
increase  in  the  heart-block,  for  there  was  a  total  absence  of  all  signs  of  auricular 
action  during  ventricular  diastole,  and  the  venous  pulse  was  of  the  ventricular 
type.  Slight  heart-block  is  of  frequent  occurrence  in  cases  of  mitral 
disease  after  rheumatic  fever,  and  even  complete  heart-block  may  occur 
in  rheumatic  heart  affection,  as  shown  in  a  case  recorded  by  Bramwell'. 

The  resemblance  of  complete  heart-block, in  man,  to  the  results  obtained 
by  destroj'ing  the  connection  between  the  auricle  and  ventricle  in  a  frog's 
heart  (second  Stannius  ligature)  has  long  been  recognised.  After  such  an 
experiment  the  sinus  and  the  auricle  continue  beating  at  the  normal  rate, 
while  after  a  pause,  more  or  less  prolonged,  the  ventricle  beats  at  a  slower 
rate  and  with  an  independent  rhythm. 

Engelmann-,  by  placing  a  ligature  between  the  sinus  and  auricle 
of  a  frog's  heart,  so  carefully  that  no  portion  of  the  sinus  structure  was  left 
on  the  auricular  side  of  the  ligature,  obtained  a  response  in  which  auricle 
and  ventricle  contracted  independently  of  the  sinus.  The  response  was  of 
such  a  nature  that  both  chambers  contracted  synchronously,  the  ventricular 
often  slightly  preceding  the  auricular  systole  ;  a  result  corresponding  to  that, 
which  I  have  pointed  out  as  occurring  in  nodal  rhythm.  Wenckebach' 
suggested  that  the  nodal  rhythm  was  of  a  nature  similar  to  that  obtained  by 
Engelmann  by  the  first  Stannius  ligature.  I  think  that  the  more  common 
form  of  nodal  rh\-tlim,  when  the  rate  is  greater  than  normal,  is  explicable 
only  on  the  hypothesis  of  an  irritation  rendering  the  node  or  adjacent  part 
more  excitable.  The  slow  form  of  nodal  rhythm  described  in  this  article  has 
a  very  close  affinity  to  the  rhythm  produced  in  Engelmann's  experiment, 
and  one  might  be  disposed  to  speak  of  this  form  of  it  as  a  "  sino-auricular 
block."  But  there  is  a  difficulty  in  regard  to  the  mammalian  heart,  inasmuch 
as  the  sinus   is  not  a  distinct  structure  ;   in   the  course    of   development   it 
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has  become  absorbed  to  form  parts  of  the  superior  vena  cava  wall,  of  the 
right  auricle  and  of  the  coronary  sinus,  and  it  is  scarcely  conceivable  that 
a  structure  so  widely  distributed  would  have  all  its  connections  with  the 
auricle  disturbed. 


Conclusions. 

1.  The  heart's  action  may  start  continuously  from  a  place  other  than 
the  normal  starting  place,  and  in  the  resultant  rhythm  the  auricular  systole 
no  longer  precedes  the  ventricular.  This  abnormal  rhythm  is  provisionally 
nailed  "  nodal  rhythm." 

2.  The  rate  of  the  "  nodal  rhythm  "  is  usually  mors  frequent  than 
the  normal  rate. 

3.  In  this  paper  a  form  of  nodal  rhythm  of  infrequent  rate  is  described. 
This  form  of  bradycardia  may  arise  suddenly  in  a  heart  previously  showing 
the  normal  rhythm,  or  it  may  arise  in  a  heart  previously  showing  the  nodal 
rhythm  with  a  rate  more  frequent  than  the  normal.  It  may  be  quite 
regular  or  may  show  premature  beats,  or  it  may  be  continuously  irregular 
with  a  tendency  to  long  pauses.  While  related  to  the  more  common  forms 
of  nodal  rhythm,  it  may  occur  in  a  patient  with  slight  heart-block  (cp. 
case  I). 
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PAROXYSMAL    TACHYCARDIA. 

By  THOMAS   LEWIS. 
{University  College,  London.) 

Since  1867,  in  which  year  Cotton'  wrote  of  a  case  of  "  unusually  rapid 
action  of  the  heart,"  numbers  of  cases  of  a  similar  nature  have  been  care- 
fully observed  and  recorded.  Hcrringham,  in  1897,  was  able  to  coUect 
forty  examples  of  "  paroxysmal  tachycardia," '"  and  the  symptomatology 
has  been  dealt  with  at  length  by  him  and  by  previous  and  subsequent 
writers.  But  a  new  stage  has  now  been  reached  at  wliich  we  are  forced  to 
admit  that  more  than  one  type  of  case  has  been  included  in  this  category. 
We  know  that  there  are  at  least  two  definite  and  distinct  forms  of  the  affection, 
and  in  the  future  they  ^\-ill  require  separate  consideration.  There  is  a  form 
in  which  the  venous  pulse  is  of  the  ventricular  type,  and  in  M'hich  there  is 
reason  to  beheve  that  the  auricles  fail  to  contract  at  the  usual  instant  in 
the  cardiac  cycle.  There  is  a  second  type  in  which  the  auricular  form  of 
venous  pulse  is  present. 

It  is  consec|uently  necessary,  for  the  elucidation  of  the  pathology 
of  these  conditions,  that  they  should  receive  further  and  individual  attention, 
and  that  the  symptom  groups  associated  with  each  should  be  carefully 
observed.  It  is  an  unfortunate  fact  that,  while  a  great  deal  of  labour  has 
been  expended  in  collecting  the  essential  data,  the  work  has  to  be  largely 
revised  ;  for  although  we  are  accjuainted  with  many  of  the  etiological  factors 
of  paroxysmal  tachycardia  as  a  whole,  as  yet  we  cannot  allocate  the  separate 
factors  to  their  respective  groups,  neither  are  we  at  present  sufficiently 
conversant  with  the  pecuUar  symptomatology  of  either  form.  Previous 
observations  are,  however,  invaluable  in  directing  the  course  of  observation. 
Moreover,  it  is  probable  that  the  two  forms  of  the  disease  or  syndrome  have 
much  in  common.  Thus,  in  so  far  as  the  clinical  picture  depends  directly 
upon  accelerated  action  of  the  ventricles,  so  far  will  they  be  found  to  corre- 
spond. It  is  also  probable  that  eventually  the  two  t\-pes  may  be  found  to  have 
a  parallel  pathologj',  for  each  ob^^ously  depends  upon  an  exaggerated  rate 
of  stimulus  production.  It  is  reasonable  to  assume  that  the  essential  difference 
between  the  two  conditions  lies  in  the  level  of  the  heart  at  which  the  morbid 
process  arises  or  first  develops  to  the  critical  point. 

The  present  observations  will  be  confined  in  the  main  to  a  detailed 
examination  of  a  single  case  of  that  form  of  paroxysmal  tachycardia,  in  which 
the  auricle  is  responsible  for  the  ventricular  beat,  for  as  yet  no  such  case 
has  been  fully  recorded,  and  far  less  is  known  of  this  condition  than  of  the 
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sister  affection,  the  "  ventricular  "  or  "  nodal  "  type*.  References  to 
previous  observations  will  be  few,  for  in  the  present  state  of  our  knowledge 
it  is  imperative  that  confusion  between  one  type  and  the  other  should  be 
diligently  avoided,  and  a  discussion  of  the  vast  majority  of  previously 
reported  cases,  and  an  attempt  to  place  them  in  their  respective  groups 
would,  in  the  absence  of  records  of  the  right  auricular  movements,  be  more 
speculative  than  profitable. 

Two  cases  of  paroxysmal  tachj^cardia  were  reported  by  Schmoll-',  and 
one  of  them  certainly,  and  the  other  probably,  belonged  to  the  auricular 
grouj).  In  the  previous  year  Hirschfelder  reiJorted  a  case"  and  though 
interpreted  as  the  ventricular  form,  some  doubt  may  be  felt  as  to  whether 
it  does  not  in  reality  belong  to  the  auricular  type.  Hay's  case"  (No.  2) 
belongs  to  the  auricular  type,  though  here  again  the  author  interprets  his 
tracings  differently.  A  careful  comparison  of  the  curves  given  in  this 
communication  with  those  of  Hay,  will  speedily  lead  to  the  conclusion 
that  they  are  of  the  same  nature.  Lastly,  an  undoubted  and  recognised 
case  has  been  briefly  described  by  Cowan,  McDonald,  and  Binning''. 

Before  proceeding  to  the  main  subject  matter  of  this  paper  the  writer 
desires  to  express  his  gratitude  to  his  colleague.  Dr.  Clive  Riviere,  who 
has  so  generously  placed  the  case  at  his  disposal,  and  to  Dr.  Rose  Bradford, 
in  whose  wards  many  of  the  contained  observations  were  made. 


I.   A  CASE  OF  PAROXYSMAL  TACHYCARDIA  OF  THE  AURICULAR 
TYPE. — CASE  I. 

(a.)    History,  etc. 

J. A.,  a  labourer,  aged  67,  was  first  admitted  to  the  out-patient  depart- 
ment at  the  City  of  London  Hospital  on  the  1st  October,  1908. 

Family  history.  His  fatlipr  died,  aged  68,  "  of  some  complaint  like  "  his  own  ;  he  used  to 
have  giddy  attacksf.  The  mother  died  young,  and  the  cause  is  ujiknown.  Several  brothers 
and  sisters  are  living,  but  the  patient  knows  nothing  of  tliem.  He  has  eight  children,  all  of 
whom  are  healthy,  and  has  lost  one  child,  of  convulsions.  There  is  no  history  of  family  affection. 
Past  history  and  habits. — The  patient  has  always  enjoyed  good  health,  and  has  suffered  from  no 
previous  ailment.  Rheumatic  fe\"er  and  syphilis  are  denied.  His  work  has  been  heavy,  and  at 
times  there  have  been  slight  pains  in  the  limbs  subsequent  to  a  hard  day's  work.  He  has  partaken 
of  alcohol  to  a  very  moderate  extent,  and  has  always  been  a  non-smoker.    Present  affection, — Six 

*  Those  interested  in  the  "  ventricular  "  or  "  nodal  "  form  may  consult  Mackenzie". 

t  It  is  often  stated  that  paroxysmal  tachycardia  may  be  hereditary.  In  Oettinger's  case" 
attacks  of  palpitation  were  recorded  in  several  of  the  ancestors.  In  Williams'  case'—  the  "  mother 
had  suffered  from  similar  attacks."  In  tliese  instances  tlie  evidence  is  entirely  insufficient. 
Falconer'  has  recorded  paroxysmal  tachycardia  in  a  mother  and  daughter,  in  both  of  whom  a 
valvular  lesion  was  present.  The  nodal  form  of  periodic  tachycardia  is  not  uncommon  in 
rheumatic  heart  affection,  and  it  is  the  hereditary  tendency  of  such  heart  affection,  and  not  that 
of  the  tachycardia  per  se  which  should  command  attention.  Similarly,  in  Faisan's  case",  where 
mother  and  daughter  were  affected,  there  was  family  albuminuria  and  malarial  infection. 
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years  ago  the  patient  suffered  from  transient  attacks  of  giddiness.  At  times  there  were  several 
in  one  day,  but  often  a  month  elapsed  between  consecutive  attacks.  A  little  more  than  two 
years  ago  he  was  disturbed  by  attacks  of  uneasiness  at  the  pit  of  the  stomach.  Sometimes  they 
followed  his  meals,  and  they  were  usually  aggravated  by  the  ingestion  of  food.  Often  they  were 
brought  on  by  exercise.  Later  he  noted  brealhlessness,  usually  associated  with  the  abdominal 
symptoms,  but  frequently  occurring  in  their  absence.  It  wae  increased  by  exertion.  For  eighteen 
months  he  has  recognised  the  grouped  nature  of  liis  symptoms,  which  ho  now  terms  "  attacks," 
but  he  has  until  recently  been  unaware  of  the  accompanying  increase  of  pulse  rate.  He  states 
that  he  has  always  been  aware  when  an  attack  threatened*,  by  a  feeling  of  slight  weight  or  dull 
aching  pain  in  the  lower  part  of  the  chest  or  pit  of  the  stomach.  The  attacks  themselves  have 
consisted  of  an  intensification  of  these  symptoms,  often  associated  with  other  subjective  mani- 
festations. Palpitation  has  been  present  at  times,  and  is  described  as  a  fluttering  feeling  over  the 
precordium  and  upper  abdomen.  It  has  never  been  prominent.  Often  he  has  experienced  a 
"  strange  sensation,  like  wind,  passing  up  the  middle  of  the  chest,"  and  the  latter  might  rise  to 
his  throat  and  be  accompanied  by  a  sensation  of  constriction."  The  sensation  would  partly 
remain  in  the  throat,  and  partly  extend  to  the  head,  and  a  dull  aching  pain  in  the  head  might 
be  superadded.  When  present,  the  headache  generally  persisted  until  some  time  after  the 
termination  of  the  attack.  The  curious  sensation  in  the  head  was  always  momentary,  '"rarely 
asting  more  than  a  few  seconds."  It  was  accompanied  by  giddiness  and  transient  "  loss  of 
memory."  In  more  severe  attacks  the  onset  was  rapid,  the  sensation  mounting  instantly  to  the 
head,  and  the  patient  "  felt  things  swimming  round,"  and  fell  down.  There  was  occasional 
loss  oj  consciousness,  usually  brief,  sometimes  lasting  a  minute  or  two.  Such  disturbances  were 
in  the  main  confined  to  the  earlier  days  of  the  illness,  and  he  has  never  been  subject  to  any  further 
epileptic  manifestations.  Return  to  consciousness  is  described  as  resembling  awakening  from 
sleep,  but  he  has  often  been  ''  shaky  "  though  never  actually  tremhlipg  at  such  times.  Soreness 
of  the  elbow,  and  a  curious  numb  feeling  in  the  radial  side  of  the  left  forearm  have  been  present 
on  occasion,  but  have  not  necessarily  been  associated  with  an  attack.  Flatulence  has  been  a 
prominent  symptom,  and  is  regarded  as  frequently  heralding  attacks,  while  the  passage  of  flatus 
has  often  given  relief.    During  the  past  twelve  months  work  has  beer  abandoned  of  necessity. 

(b.)    The  physical  signs  ichen  the  heart  beats  sloxc. 

The  patient  is  a  well-built  man  of  good  colour.  He  has  an  easily  reducible 
left  inguinal  hernia  of  many  years  standing,  and  an  old  united  fracture  of 
the  left  tibia.  In  the  neck,  just  above  the  inner  ends  of  the  clavicles,  are  two 
tumours  about  the  size  of  pigeon  eggs,  placed  symmetrically  and  freely 
movable  under  the  skin.  They  are  probably  of  a  fatty  nature,  and  appear 
to  have  no  relationship  to  the  remaining  condition.  The  chest  and  lungs. — 
The  chest  is  barrel  shaped  and  rigid  ;  respiratory  movement  is  limited. 
The  percussion  note  is  moderate,  and  the  superficial  cardiac  dulness  is 
reduced.  Auscultation  reveals  distant  breath  sounds  and  frequent  sonorous 
rhonchi  over  the  bases  and  axillae.  The  heart. — The  H.A.B.  is  indistinct, 
but  the  shock  can  be  identified  internal  to  the  nipple  line.  The  deep  limits 
of  cardiac  dulness  are  as  follows  :  R.L.  mid-sternal  line  ;  L.L.  3i  inches 
from  mid-sternal  line.  U.L.  fourth  rib.  The  left  limit  moves  three-quarters 
of  an  inch  on  rolling  from  side  to  sidef.  The  heart  sounds  are  normal,  but 
a  little  distant.  There  are  no  murmurs.  The  arteries. — There  is  a  considerable 
degree  of  arterio-sclerosis.     The  pulse  is  of  moderate  tension  ;    the  rate  is 


*  This  has  in  reality  resulted  from  his  inability  to  recognise  the  immediate  onset  of  the  attacks, 
as  will  be  shown  in  the  sequel. 

t  In  Hoffmann's  series'-  a  remarkable  movement  of  the  heart  with  posture  was  found,  and 
some  stress  was  laid  upon  the  observation. 
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within  normal  limits  ;  there  are  occasional  irregularities  (cp.  description  of 
Figs.  2  and  3).  The  urine.— S^^.  Gr.  1010  to  1020.  Quantity  normal.  No 
albumen  or  sugar.  T/ie  nervous  system  and  abdomen. — Xotliing  abnormal 
found. 

(o.)   Physical  sigtis  connected  ivifh  the  paroxysms. 

The  attacks  are  invariably  absolutely  abrupt  in  onset,  and  terminate  with 
equal  suddenness  (cp.  Figs.  6  and  la).  The  pulse  rate  varies  from  140  to  220, 
but  tliese  rates  are  actually  very  rare,  and  in  the  great  majority  of  the 
tracings  obtained  the  rate  lies  between  170  and  200.  The  most  usual 
rate  is  180,  or  thereabouts.  The  figures  represented  in  the  charts  (Figs.  9  to 
12)  wore  taken  by  palpation,  and  can,  therefore,  onl}'  be  regarded  as  a])proxi- 
mate.  The  small  amount  of  variation  in  frequency  during  a  single  attack 
is  often  very  striking,  and  is  well  illustrated  by  the  following  example  : — 

Pulse  rate  taken  every  half-minute  for  50  minutes  {as  calculated  from 
a  measured  and  continuous  pulse  tracing,  taken  in  the  middle  of  a  paroxysm). 
—Patient  supine,  183.  183,  187,  181,  185,  183,  182,  180,  180,  187,  183,  184, 

184,  181,  185,  185,  180,  189,  181,  183,  185,  185,  188,  181,  183.  189,  185,  184, 
183,  183,  183,  176,  183,;  sitting,  195;  lying,  190,  184;  sitting,  193,  200; 
lying,  199,  183,  180,  183,  184,  181,  180,  183  ;  sitting,  185,  197  ;  hang,  203, 
187,  185,  185,  — ,  180,  181,  180,  180,  170,  192,  183,  191,  185,  190,^187,  186, 

185,  185,  188,  183,  185,  185,  — ,  185,  — ,  186,  184,  184,  184,  183,  185,  183, 
182,  184;    sitting,  199;    lying,  187,  184,   183,  184,   186,  — ,  —,184,   185,  — , 

186,  184,  183,  186. 

In  duration  the  paroxysms  vary.  The  shortest  observed  has  been 
3  minutes,  but  this  is  quite  exceptional.  As  a  rule  they  last  several 
hours,  and  may  continue  a  whole  daj'  and  night. 

At  the  commencement  of  a  paroxysm,  and  often  after  its  prolonged 
continuation,  there  is  well  marked  alternation  in  the  force  of  the  beats,  and 
at  times  the  rate  is  difficult  to  estimate  in  the  absence  of  records.  The  heart 
sounds  are  correspondingh'  increased,  and  there  is  rapid  pulsation  of  the 
veins  of  the  neck.  At  the  onset  there  are  no  further  jihj-sical  signs,  but  as  the 
paroxysm  continues  the  left  limit  of  cardiac  dulness  moves  gradually 
towards  the  axilla,  until  it  has  reached  a  point  4i  to  4|  inches  from  the 
mid-sternal  line.  The  veins  become  more  prominent  and  tense.  The  face 
shows  characteristic  changes,  which,  when  the  attack  has  lasted  many 
hours,  render  its  recognition  easy.  The  facies  assume  a  greyer  colour  in  place 
of  the  usual  pink  tint.  There  is  a  soupcon  of  cj^anosis  in  the  lips  and  ears. 
The  eyelids  are  darker,  and  the  whole  countenance  wears  a  strained  and 
weary  exjiression.  On  rare  occasions  there  is  a  short  sj-stolic  murmur 
at  the  apex.  The  liver  has  been  observed  to  enlarge  slightly,  but  definitely, 
in  the  longer  attacks.    There  is  never  dropsy  or  albuminuria. 

At  the  cessation  of  an  attack  the  recovery  is  almost  immediate  ;  it 
is  often  preceded  or  accompanied  by  eructation  or  the  passage  of  flatus. 
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The  colour  alters,  the  heart  diminishes  rapidly  in  size  and  the  veins  empty. 
The  slow  pulse  at  tliis  stage  is  almost  invariably  markedly  irregular  (cp. 
Fig.  3). 

(d.)  Subjective  setisation-s  at  the  onset  of  paroxysms. 

For  some  months  the  patient  has  been  under  close  observation,  and  the 
relationship  of  the  symptomatology  to  the  attacks  of  tachycardia  has  been 
full}'  substantiated.  Particular  care  has  been  exercised  in  attempting  to 
gauge  the  patient's  power  of  recognising  the  onset  of  a  paroxysm,  and, 
as  a  result  of  numerous  observations,  it  may  be  said  that  as  a  rule  he  is 
unaware  of  a  change  from  the  slow  to  the  fast  pulse  rate,  until  the  latter 
has  persisted  for  fifteen  minutes,  or  even  longer.  On  the  other  hand  the 
cessation  of  a  paroxysm  is  readily  appreciated,  and  is  invariably  accompanied 
by  relief.  And  this  may  be  the  case  even  though  the  preceding  paroxj-sm 
is  not  perceived.  Thus  at  times  the  patient  fails  to  recognise  an  attack 
until  it  terminates.  It  has  been  quite  obvious  that  the  subjective  sensations 
increase  gradually  from  the  onset,  and  that  in  consequence  his  statement 
of  the  length  of  an  attack  is  unreliable.  On  four  occasions  the  actual  onset 
of  an  attack  has  been  observed,  and  on  many  occasions  the  patient  has  been 
interrogated  within  five  or  ten  minutes  of  the  onset.  On  one  occasion  only 
was  the  onset  recognised  by  him.  The  patient  had  been  in  an  attack  for  some 
hours,  and  during  the  greater  part  of  the  time  continuous  radial  and  venous 
curves  were  taken.  The  attack  suddenly  ceased,  and  its  cessation  was 
accompanied  by  relief.  A  few  minutes  later,  while  the  apparatus  was  being 
removed,  the  patient  stated  that  the  attack  had  returned,  and  the  pulse  was 
once  more  found  to  be  fast. 

(e.)    The  interpretation  of  curves  taken  during  the  paro.rys7ns. 

As  a  general  rule  simultaneous  radial  and  venous  curves  obtained 
during  a  paroxj'sm  are  perfectly  regular.  The  radial  curves  taken  with 
the  Dudgeon  sphygmograph  show  slight  resjjiratory  undulations.  In 
polygraph  tracings,  the  jugular  curve  is  characterised  by  a  prominent 
a  wave,  and  also  shows  a  small  c  wave  (Figs.  1  and  1«).  The  amplitude 
of  excursion  increases  during  the  last  j^hases  of  inspiration  and  the  first 
phases  of  expiration.  The  a-c  interval  is,  as  a  rule,  i  sec.,  or  sHghtly 
exceeds  this  limit.  The  electrocardiogram  (Fig.  oa)  shows  a  well-marked 
P  wave  due  to  auricular  contraction,  and  a  prominent  R  wave  corresponding 
to  ventricular  systole.  The  second  ventricular  wave,  T,  of  the  normal  curve 
is  absent.  The  height  of  the  a  wave  in  certain  of  the  venous  curves 
taken  during  the  paroxj'sm  is  due  to  the  increased  volume  of  the  veins  and 
to  the  tendency  for  the  auricular  systole  to  commence  before  the  preceding 
ventricular  systole  has  terminated.  For  this  reason  its  size  is  in  marked 
contrast  to  that  of  the  a  wave  taken  during  the  intervals  between 
attacks.    Figs.  1  and  1«  are  exceptional  in  that  they  show  marked  alternation, 
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Fig.  1.  Case  I.  Paroxysmal  tachycardia.  As  in  all  similar  figures  the  tracings  show  from  above 
downwards,  i  sec,  \enoiis  pulse,  radial  pulse.  The  dotted  lines  joining  venous  and  radial 
curves  indicate  corresponding  points.  Such  points  were  calculated  in  each  case  from  simul- 
taneous carotid  and  radial  curves,  and  the  transmission  distance  from  carotid  to  radial 
has  consequently  beep  allowed  in  the  measurement. 

The  figure  is  an  example  of  tracings  taken  during  the  paroxysms;  pulse  rate  187; 
respiration  held ;  radial  and  venous  curves  show  alternation,  the  small  radial  beat  corre- 
sponds to  the  large  \enou8  beat  ;   the  venous  pulse  is  of  the  auricular  type. 
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Fig.  la.     Case  I.     The  same,  during  respiration.    Alternation  becomes  very  marked  with  each 
inspiration.      Rate  of  pulse  is  192. 


Fig.  2.    X  i'tj    linear.     Case  I.      Taken   between   attacks.       Slight   sinus   irregularity  and  two 
auricular  extrasystoles  are  shown.    The  rate  of  the  pulse  is  82. 


Fig.  3.    X    I's  linear.     Case  I.     Tracing  taken  within  ten  minutes  of  the  cessation  of  an  attack. 
Auricular  extrasystoles  and  marked  sinus  irregularity  are  present.     Pulse  rate  about  79. 
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and  have  been  specially  selected  on  this  account.  In  Fig.  1  alternation  is 
also  present  in  the  jugular  curve,  the  largest  a  waves  correspond  to 
succeeding  small  waves  in  the  radial  tracing.  The  curve  was  taken  during  a 
short  suspension  of  respiration,  and  the  venous  alternation  admits  of  a 
ready  explanation.  As  stated,  an}-  given  a  wave  tends  to  coincide  in 
some  degree  with  the  preceding  ventricular  s3'stole.  In  falling  with  a 
relatively  inactive  contraction  of  the  ventricle,  the  auricular  pulsation  is 
less  marked  than  when  it  coincides  with  a  stronger  ventricular  beat.  In 
many  curves  the  absolute  relationship  of  alternation  in  the  venous  curve 
to  a  reversed  picture  in  the  arterial  tracing  can  be  fully  substantiated. 
In  each  the  phenomenon  commences  and  terminates  at  the  same  time. 
Moreover,  the  venous  alternation  varies  in  a  degree  corresponding  to  that 
in  the  arterial  tracing  (shown  to  a  slight  extent  in  Fig.  1«).  Venous  alterna- 
tion in  this  patient  is  consequently  attributable,  not  to  variation  in  con- 
tractility in  the  auricle,  but  to  the  time  relationships  of  auricular  and 
ventricular  systoles.* 

Oftentimes  a  striking  relation  occurs  between  alternation  and  respiration. 
Fig.  la  illustrates  this  point.  As  the  venous  curve  falls,  alternation  in  the 
radial  pulse  becomes  marked,  and  the  smaller  alternate  beats  almost 
disappear.      Such   a    relationship    is    often    maintained   over   considerable 


Fig.  4a,  6,  and  c.  Case  I.  Dudgeon  tracings  during  an  attack.  4a  shows  marked  alternation. 
46  shows  alternation  and  increased  prominence  of  the  taller  waves.  4c  shows  extinction 
of  the  smaller  beats  as  a  result  of  alternation,  and  the  spontaneous  occurrence  of  a  larger  beat. 

stretches  of  tracing.  Dudgeon  tracings  of  the  alternation  are  given  in 
Fig.  4a,  b,  and  c.  Fig.  4a  shows  the  usual  picture  of  alternating  large  and 
small  beats  occurring  at  ecpal  intervals.  In  Fig.  4c  alternation  of  a  very 
marked   character  is   seen.     Two   beats   are   practically   ineffective.      But 

*  Compare  Cushny  and  Grosh^  (Fig.  15  and  interpretation). 
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in  both  Fig.  4b  and  c,  another  phenomenon  is  apparent,  in  the  form  of 
an  increased  prominence  of  certain  waves.  Alternation  is  shown  as  starting 
either  with  a  small  or  a  large  wave,  and  the  succeeding  wave,  be  it  large 
or  small,  is  approximately  inverse^  projiortional  to  the  first  altered  wave. 
If  alternation  is  to  be  ascribed  to  an  affection  of  contractility,  and  there 
appears  to  be  reason  for  the  adoption  of  this  view,  then  it  must  be  acknow- 
ledged that  in  this  instance,  not  only  negative,  but  also  positive  inotropic 
(eontractilitj^)  effects  are  present.*  The  extinction  of  beats,  as  shown 
in  Fig.  4c,  is  not  confined  to  those  instances  where  alternation  originates  in 
an  exaggerated  beat,  it  has  also  been  observed  at  the  end  of  a  long  strip  of 
alternation.  Nevertheless,  it  is  always  accomjjanied  by  an  increase  in  the 
size  of  succeeding  waves.  Amongst  the  factors  which  jjroduce  alternation 
in  this  patient,  may  be  mentioned  the  prolongation  of  the  paroxj'sm, 
respiration,  normal  or  forced,  coughing,  or  any  exertion,  such  as  the 
assumption  of  the  erect  posture.  Alternation  has  also  alwa5's  been 
prominent  at  the  commencement  of  attacks,  a  feature  which  must  be 
borne  in  mind  when  the  tracing  showing  the  onset  of  a  paroxysm  is  inter- 
preted (cp.  notes  accompanying  Fig.  12).  In  brief,  alternation  in  the  radial 
pulse  is  present  at  such  times  as  one  might  be  led  to  expect  it,  namel\', 
when  an  extra  strain  is  thrown  upon  the  action  of  the  ventricles.  The 
electrocardiogram  (Fig.  5«)  shows  regularity  in  the  force  of  ventricular 
contraction  at  the  time  when  this  curve  was  taken. 

(f.)    The  interpretation  of  curves  taken  between  the  attacks. 

The  irregularities  described  in  this  paragraph  are  those  which  occur 
when  the  pulse  has  been  slow  for  a  considerable  period.  It  may  be  said  at 
once  that  the  pulse  is  rarely  regular  for  manj'  beats  together.  It  may  be 
once  in  a  few  beats,  it  may  be  once  a  minute  that  one  or  more  extra  beats 
disturb  the  normal  rhythm.  The  extra  beats  invariably  take  the  form 
shown  in  Fig.  2.  The  tracing  allows  of  little  doubt  that  we  are  dealing 
with  auricular  extrasj-stoles.  There  is  one  feature,  however,  which  should 
not  escape  attention  ;  it  will  be  seen  that  at  the  points  at  which  a  and 
V  waves  fall  together,  the  resultant  waves  are  not  identical,  and  tliis  is  the 
more  noteworthy  in  that  the  first  extrasystole  is,  if  anything,  earlier  in  its 
cj'cle  than  the  second.  Tliis  has  been  a  common  and  somewhat  puzzling 
phenomenon,  and  it  will  be  further  alluded  to. 

(G.)  The  interpretation  of  the  curves  obtained  shortly  after  the 
cessation  of  an  attack. 
Numerous    curves    have   been  obtained  within  a  few  minutes  of  the 
cessation  of  an  attack,  and  they  all  present  common  features.     They  are 


*  The  estimation  of  contractile  force  from  the  height  of  pulse  waves  is  not  without  risk. 
Moreover,  the  work  done  by  the  ventricle  is  modified  by  the  rate  of  filling,  and  depends  to  a 
considerable  extent  upon  the  nature  and  time  relation  of  the  corresponding  auricular  systole. 
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characterised  by  a  very  notable  irregularity  in  the  sinus  rhythm,  apart  from 
all  question  of  premature  beats.  This  is  very  definitely  illustrated  in  the 
last  part  of  Fig.  3,  and  also  in  the  electrocardiogram  (Fig.  5c).  Often, 
portions  of  the  curves  show  the  irregularity  of  the  slow  time  proper  (Fig.  2), 
and  a  premature  beat  is  followed  by  a  pause  (as  in  the  early  beats  of  Fig.  3). 
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Figs.  5a,  b,  c,  and  d.  ,\  j  limai.  Cnso  I.  Fuur  electroeardiugraiiis.  The  right  arm  and  left 
leg  were  used  as  loads.  The  time  marking  in  i  sec.  has  been  excised  from  all  the  curves 
except  5a,  as  the  plate  travelled  at  precisely  the  same  rate  in  each.  Figures  56.  c,  and  d 
show  simultaneous  radial  curves.  The  curves  read  from  right  to  left.  Oblique  dotted  lines 
are  drawn  between  corresponding  beats  in  the  lowest  three  figures. 

5a  was  taken  immediately  before,  and  5b  directly  after  the  cessation  of  a  paroxysm.  The 
rate  in  5a  is  200.  5c  and  5d  were  obtained  within  J  hour  of  56.  The  wave  P  corresponds 
to  auricular,  and  the  waves  R,  S,  and  T  to  ventricular  contraction.* 


*  The  galvanometer  curves  were  taken  with  an  Einthoven's  instrument  in  the  Physiological 
Department,  University  of  London. 
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Nevertheless,  it  is  not  uncommonly  imiDossible  to  arrive  at  a  definite  con- 
clusion, or  to  interpret,  finally  and  satisfactorily,  certain  instances  of  mixed 
irregularity,  such  as  that  illustrated  by  Fig.  3.  The  electrocardiograms, 
which  may  now  receive  further  attention,  do  not  appreciably  decrease  the 
difficulties.  The  beats  of  the  curves  given  (Figs.  5b  and  d)  fall  mainly  into 
two  classes.  There  are  those  which  conform  to  the  normal  type  (and  consist 
of  P,  R,  and  T  waves),  and  there  are  those  which  do  not.  The  latter  present 
a  diminution  in  the  height  of  jieak  R,  and  a  corresponding  increase  in  the 
depth  of  the  notch  S.  The  T  waves  show  httle  or  no  variation  from  the 
normal.  Again,  the  P  (or  auricular  wave)  is  absent.  When  numbers  of  such 
curves  are  examined,  it  is  found  that  these  atypical  individual  electro- 
cardiograms correspond,  as  a  rule,  to  abortive  arterial  waves  (as  illustrated 
in  Fig.  56),  but  that  on  occasion  such  an  electrocardiographic  curve  is 
accompanied  by  a  notable  radial  pulsation  (the  last  shown  in  Fig.  5d).  It 
is  found  also  that  the  more  forcible  the  radial  pulse  beat,  the  more  prominent 
is  the  wave  R.  And  now  attention  may  be  especially  drawn  to  the  fact  that 
the  atypical  beats  show  considerable  variation.  Briefly,  in  the  curves 
possessed  by  the  writer,  there  is  almost  every  intermediate  condition  between 
the  normal  ventricular  curve  of  the  slow  time,  and  the  curve  in  which  R 
is  absent  and  S  is  fully  developed  ;  the  common  feature  is  the  absence  of 
the  auricular  wave  P.  The  difficulty  of  the  interpretation  of  the  venous 
tracings  may  now  be  more  manifest.  Taking  the  evidence  as  a  whole  we  may 
be  certain  that  one  of  the  main  features  is  an  irregularity  of  sinus  rhythm. 
It  is  when  we  attempt  to  co-relate  the  atypical  electrocardiograms  with  the 
irregularities,  which,  as  we  have  already  seen,  present  the  picture  of 
auricular  extrasystoles  in  the  venous  curves,  that  the  difficulties  commence. 
And  these  are  due,  in  part  at  least,  to  our  insufficient  knowledge  of  the  appear- 
ance of  the  electric  curve  of  an  auricular  extrasystole.  Such  a  curve  will 
probably  depend  largely  upon  the  level  at  which  the  auricular  stimulus  has 
its  origin.  For  instance,  if  the  contraction  originates  in  the  auricle  in  the 
neighbourhood  of  the  auriculo-ventricular  ring  and  travels  back  towards 
the  sinus  as  well  as  forwards  towards  the  ventricle,  an  inverted  auricular 
wave  may  be  anticipated.  Moreover,  such  a  contraction  would  necessarily 
tend  to  a  relatively  early  ventricular  systole,  and  auricular  and  ventricular 
contraction  would  be  in  some  measure  coincident.  That  this  explanation  is 
the  most  rational  which  we  can  hold  in  explanation  of  the  present  curves 
is  suggested  by  the  presence  of  a  well-marked  dip,  in  certain  of  the  atyj)ical 
beats,  which  directly  jjrecedes  R.  It  is  seen  in  some  degree  in  all  the 
atypical  beats  figured.  The  view  tentatively  put  forward  is  that  this  repre- 
sents the  beginning  of  auricular  contraction,  and  that  the  contraction  is 
reversed  in  direction  in  the  auricle.  A  downwardly  directed  wave  is  thus 
superimposed  upon  the  normal  ventricvlar  electrocardiogram,  which  results 
in  a  reduction  of  the  peak  R,  and  a  corresj^onding  increase  of  the  peak  S. 
If  the  dip  is  in  reality  due  to  the  commencement  of  auricular  contraction, 
then  the  P-R  interval  is  undulv  curtailed.     In  the  venous  curve,  so  far  as  can 
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be  seen,  the  a-c  interval  is  of  normal  length.  The  reason  for  the  full  interval 
in  the  neck  is  possibly  due  to  early  appearance  of  the  "  a  "  wave  as  a  result 
of  retrograde  auricular  contraction,  but  more  probably  to  a  prolongation  of 
the  presphj-gmic  interval,  such  as  is  well  known  to  occur  as  an  accompani- 
ment of  extrasj'stole  of  the  ventricle  in  animal  experiment.*  We  may 
finally  conclude  that  the  atypical  beats  are  extrasystoles,  and  that  they 
probably  have  their  origin  in  the  auricle,  in  the  neighbourhood  of  or  slightly 
above  the  auriculo-ventricular  node,  and  that  the  position  of  origin  is  in  all 
probability  variable  within  certain  limits.  The  C£uestion  cannot  be  carried 
bej'ond  this  stage  with  profit  in  the  present  state  of  our  knowledge,  and  the 
final  interpretation  must  ultimately  depend  upon  new  observations. 

Before  leaving  the  rpiestion  of  the  electrocardiographic  curves  attention 
must  be  directed  to  one  consideration.  The  beats  of  the  paroxysm  are 
accompanied  by  P  waves,  and  are  at  once  identified  as  of  an  entirely  different 
nature  to  the  atypical  beats  discussed.  The  difference  is  enhanced  by  the 
prominence  of  R  and  the  absence  of  T  in  the  former  curves.  The  last- 
mentioned  peculiarities  of  the  paroxysmal  beats  also  raises  the  question  of 
the  nature  of  the  distinction  between  these  curves  and  those  of  the  slow 
time  which  are  normal  in  outline. 


(h.)    The  interpretation  of  transition  tracings. 

Tracings  of  the  transition  from  the  paroxj-smal  to  the  slow  pulse  rate, 
and  from  slow  to  fast  rate  have  been  obtained,  and  are  exemplified  in  curves 
6,  7a  and  b,  and  8. 

Before  proceeding  to  a  closer  examination  of  the  curves,  certain  exjjjana- 
tory  remarks  are  necessar\\  The  curves  are  small  and  somewhat  more 
obscure  than  those  already  discussed.  And  this  necessarily  follows.  For 
to  secure  such  tracings  entails  the  taking  of  thousands  of  feet  of  curve.  Thus, 
the  tracings  which  have  been  given  as  illustrative  of  the  slow  pulse  rate  and 
paroxj'sm  itself  are  pieces  chosen  for  their  clearness  from  a  large  collection, 
while  a  transition  tracing  when  caught  may  be  good  or  bad  according  to 
chance.  The  knowledge  acquired,  as  a  result  of  frec^uent  and  j^rolonged 
observation  of  the  variations  which  may  be  shown  in  amplitude  of  excursion, 
etc.,  is  of  considerable  importance  in  an  individual  case  in  arriving  at  a 
certain  analysis  of  occasional  curves,  such  as  those  which  we  may  now 
proceed  to  consider. 

The  first  part  of  Fig.  6  is  merelj-  a  reduced  example  of  paroxj-smal 

*  The  variation  in  presphygmic  delay  accompanying  extrasystolic  contractions  and  the  sub- 
sequent large  beat,  in  man,  is  visually  very  definite  and  verj-  considerable.  The  statement  is  based 
upon  a  detailed  examination  of  a  large  number  of  cardiographic  and  arterial  curves,  and  applies 
to  ^•ent^icular  as  well  as  to  aiuicular  extrasystoles.  It  is  sufficient  to  account  for  manj'  of  the 
variations  in  a-c  interval,  whicli  have  been  noted  by  Mackenzie^^,  and  ascribed  to  another  cause. 
The  variation  is  obviously  a  factor  of  importance  in  the  interpretation  of  venous  tracings,  and 
has  received  less  attention  in  the  past  than  it  deserves. 
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curve,  and  is  identical  witli  tliat  .shown  in  Figs.  1  and  la.  Now  when  the 
paroxysm  is  present,  venous  curves  are  obtainable  from  a  large  area  of  the 
neck,  and  when  the  change  comes  it  may  be  that  the  spot  chosen  for  taking 
the  venous  tracing  is  not  the  best  which  offers  for  a  corresponding  curve 
during  the  slow  time.  Venous  curves  during  the  slow  time  are  difficult  to 
obtain,  for  the  veins  are  insufficiently  filled  with  blood.  The  appearance 
of  a  pure  carotid  tracing  in  the  latter  half  of  Fig.  6  is,  therefore,  not  difficult 
to   understand.      In   Fig.    8   the   a   waves   at   the   commencement   of   the 
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Fig.  8.    The  termination  of  a  paroxysm.     Case  I.     It  differs  from  Fig.  6,  in  that  a  c  wave  is  tbp 
last  in  the  venous  tracing.    The  a  waves  of  the  slow  pulse  are  also  shown. 


slow  time  are  visible,  as  they  also  were  in  several  other  tracings.  Curve  6 
consequently  consists  of  two  parts.  In  the  first  third  the  heart's  action  is 
the  same  as  in  Fig  1.  In  the  last  two-thirds  its  action  is  similar  to  that 
shown  in  Figs.  2  and  3.  The  change  from  fast  to  slow  rate  is  absolutely 
abrupt,  the  two  parts  of  the  figure  are  united  by  a  pause  of  ''j"  sees.  During 
the  paroxysm  the  venous  curve  terminates  in  an  a  wave,  and  it  is  open 
to  doubt  whether  this  is  in  reality  followed  by  an  abortive  ventricular  beat. 
In  Fig.  8  the  paroxysm  ends  with  a  c  wave,  and  the  pause  is  longer 
(namely  -^  sees.).  The  pause  may  be  regarded  as  the  time  taken  for  the 
building  up  of  the  stimulus  which  causes  the  first  beat  of  the  new  or  slow 
rhythm.  The  variation  in  the  length  of  the  pauses  is  expressed  in  the 
following  table,  which  is  an  analj'sis  of  the  four  changes  from  fast  to  slow- 
time  which  have  been  caught.  The  figures  given  are  taken  from  the  radial 
curves  and  are  given  in  i  sec. 


last  fast 

beats. 

Pause. 

Succeeding  slow  beats. 

17-6 

C-0 

3-5 

3-2 

1               6-3 

1      3-6 

18-0 

51 

3-7 

3-4 

1      3-6            3-5 

3o 

171 

413 

3-6 

3-2 

3-3            3-4 

3o 

loo 

s-a 

3-2 

3-3 

3-3            3-3 

The  bearing  of  the  variabiUty  of  pause  upon  the  nature  of  the  change 
will  be  entered  into  more  fully  in  the  discussion. 
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The  only  remtiining  point  to  which  attention  need  now  be  drawn  is  the 
absence  of  absolute  relationshijj  between  the  lengths  of  the  last  beats  of  the 
paroxysms  and  the  first  beats  of  the  change.  Exact  halving  is  not  present,* 
but  what  actually  occurs  is  a  sudden  transition  from  a  fast  rate  to  a  slow  rate, 
which  bears  no  constant  relation  to  it,  and  the  two  rhythms  are  separated  by  a 
variable  pause. 

A  similar  interpretation  is  to  be  offered  in  respect  of  Figs,  la  and  b. 
The  two  figures  are  separate  halves  of  a  continuous  tracing.  When  the 
paroxysm  staits  the  veins  of  the  neck  are  comparatively  empty,  and  it  so 
happens  that  the  venous  curve  is  indistinct  and  develops  gradually.  Thus, 
in  the  early  stages  of  the  paroxysm  the  c  waves  are  alone  j^resent.  Later, 
the  a  waves  make  their  appearance  at  certain  phases  of  respiration. 
Finally,  they  become  as  prominent  and  frequent  as  in  the  early  part  of 
Fig.  6.  Moreover,  the  radial  curve  is  affected  in  this  instance  by  the  presence 
of  marked  alternation,  which  leads  to  the  disapi:)earance  of  alternate  beats 
in  the  radial  pulse.  Alternation  at  the  commencement  of  a  paroxysm  has 
been  a  common  feature  in  the  tracings  taken  from  this  patient,  but  in  one 
instance  commencement  without  alternation  has  been  noted  in  the  tracings. 
The  presence  of  alternation  in  the  curve  now  considered  is  fully  established 
by  a  detailed  examination  of  the  two  figures  (la  and  6).  The  apparently 
halved  rate  in  the  radial  pulse  gradually  passes  into  the  full  rate  at  the 
very  end  of  the  curve.  The  c  waves  corresponding  to  the  missed  beats 
are  visible  in  many  jjarts  of  the  tracings,  as  are  also  the  a  waves  which 
precede  them.  The  continuation  of  curve  76  is  identical  with  the  first  part 
of  Fig.  6.  It  is  consequently  perfectly  clear  that  the  rate  as  indicated  by  the 
radial  pulse  at  the  beginning  of  the  paroxysm  is  but  half  the  sinus  rate,  and 
that  the  latter  is  approximately  constant  over  the  space  shown  in  the  figure. 

In  brief,  the  onset  of  the  paroxysm  is  in  every  respect  similar  to  its  offset, 
and  consists  solely  in  the  breaking  through  of  the  new  or  paro.rysmal  rhythm. 
As  applies  to  the  other  transition  there  is  no  absolute  numerical  relationship 
between  the  fast  and  slow  rhythm. 

(i.)    The  alterations  of  pulse  rate  directly  before  and  after  the 
onset  or  offset  of  paroxysms. 

A  consideration  of  this  subject  is  of  importance  in  attempting  to  solve 
the  actual  cause  of  the  paroxysm  itself. 

20-2-09.     Pulse  rates  every  10  sees.,  as  measured  from  continuous  curves  : — 
194,  193,  198,  197,  198,  194,  196,  193,  194,  190,  202,  89,  slow  rate  con- 
tinued for  5  minutes,  the  actual  change  to  fast  rate  again  was  not  recorded  ; 
fast  rate  for  15  minutes;    194,  197,  200,   200,  191,  191,    193,    90,   slow  rate 
continued  for  15  minutes;  81,  181,  198,  207,  207,  204,  201,  201,  204,  202,  etc. 


*  HoSmann's  view  ie  considered  in  the  eequei. 
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13-3-01).     Pulse  rates  every  20  sees.,  as  measured  from  continuous  curves  : — 

Patient  supine,  181  ;  sitting,  200,  196,  191  ;  lying,  193,  171,  171,  90; 
slow  for  40  sees.,  82,  181,  206,  187,  176,  182,  180,  183,  192,  180,  170,  175, 
170,  181,  170,  167,  84  ;  slow  rate  for  60  sees.  ;  80,  187,  200,  188,  181,  176, 
176,  180,  177,  176,  179,  170,  167,  181,  175,  174,  183,  171  ;  sitting,  170,  182, 
191  ;  lying,  187,  181,  172,  176,  183,  176,  91,  continued  slow  for  remainder  of 
observations. 

These  figures  demonstrate  the  relative  constancy  of  fast  and  slow  rates, 
and  show  the  absence  of  any  definite  acceleration  or  retardation  of  rate  as  a 
precursor  of  a  transition  from  one  rate  to  the  other. 


(.J.)    The  relationship  of  the  pulse  rate  to  systolic  blood- pressure. 

The  observations  from  this  point  of  view  have  been  numerous. 

The  average  of  thirty-two  observations  of  systolic  blood-pressure,  taken 
during  paroxj'sms  with  the  Martin's  modification  of  the  Riva-Rocci  instru- 
ment, is  102  mm.  Hg.  The  average  of  eighty-one  observations  while  the 
pulse  was  slow,  is  111  mm.  Hg.,  or  9  mm.  Hg.  higher.  A  number  of  the 
observations  have  been  charted  in  the  figures  (Figs.  9-12).  Fig.  10  shows 
hourly  observations  taken  for  a  week  during  the  hours  of  day  nursing. 
With  the  exception  of  the  third  observation  of  the  26th  February,  the 
chart  shows  very  fair  constancy,  and  it  is  probable  that  this  single  high 
reading,  158  mm.  Hg.,  standing  as  it  does  alone,  was  accidental.  It  raises 
the  average  for  the  paroxj-sm  by  a  little  less  than  2  mm.  Hg.  It  is  to  be  noted 
that  in  so  far  as  these  hourly  observations  are  concerned,  the  attacks  are  not 
foreshadowed  by  a  rise  or  fall  of  pressure  ;  further,  it  is  shown  that  though 
as  a  rule  the  blood-pressure  tends  to  fall  shghtly  during  the  attacks,  yet  it 
may  rise  after  the  attack  has  started,  and  even  continue  to  rise  during  the 
continuation  of  the  crisis. 

Closer  observations,  including  periods  of  transition,  have  been  obtained 
on  one  occasion  onlj-,  and  are  represented  in  Fig.  12.  The  estimations  were 
made  every  five  minutes,  and  are  consecjuently  a  truer  rejDresentation  of  the 
events.  There  is  a  rise  of  blood-pressure  of  approximately  15  mm.  Hg., 
which  takes  place  synchronously  with  a  15-minute  lapse  of  paroxysmal  to  slow- 
rate.     This  chart  is  in  fair  agreement  with  the  total  averages  already  given. 

We  are  justified  in  concluding  that  on  the  whole  there  is  a  slight  fall  of 
blood-pressure  which  is  simultaneous  with  the  onset  of  a  paroxysm.  The 
amount  of  the  change  is  inappreciable,  and  is  in  no  way  sufficient  to  account 
for  the  attack  itself,  and  this  the  more  as  a  maintenance  of  such  a  fall  is  an 
inconstant  feature,  as  has  already  been  demonstrated  (Fig.  10).  To  what 
then  is  it  to  be  attributed.  It  must  be  remembered  that  the  systolic  pressure, 
alone,  gives  no  true  value,  but  only  an  ai^proximation  of  mean  pressure. 
And  if  the  tracings  of  the  transitions  are  again  referred  to  it  will  be  clear 
that  the  diiierence  in  the  blood-pressure  readings  in  the  fast  and  slow  rhythm 
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is  sufficiently  accounted  for  by  the  greater  excursion  of  the  pressures  during 
the  latter. 

(K.)    The  influence  of  belladonna  and   aconite  upon  the  frequenct/ 
of  the  attacks. 

Atroiiine  is  a  drug  which  has  been  adziiinistered  on  many  occasions 
to  i3atients  the  subject  of  i^aroxysmal  attacks  of  tachycardia.  Herringhani 
states'"  that  it  has  even  been  recommended  in  the  treatment  of  attacks. 
It  was  given  between  the  paroxysms  by  Gerhardt^  and  by  Hirschfelder 
without  effect". 

As  in  the  last-mentioned  instances,  atrojiine  was  given  to  this  patient 
to  test  the  possible  influence  of  the  vagus  in  the  i^roduction  of  the  paroxysm. 
The  drug  was  first  administered  (in  the  form  of  4  hourly  doses  of  tinct. 
belladon.  mX)  on  the  evening  of  the  27th  February,  and  was  continued 
until  the  evening  of  the  4th  March,  when  the  dose  was  increased  to  mXV. 
Now,  if  the  sudden  withdrawal  of  the  normal  tonic  vagal  influence  is  to  be 
regarded  as  the  sole  factor  responsible  for  the  production  of  paroxysms, 
it  might  be  expected  that  the  exhil)ition  of  belladonna  would  lead  to  a 
notable  augmentation  of  attacks.  It  might,  indeed,  be  anticipated  that 
continued  paroxysm  would  result.  The  charts  demonstrate  that  such 
effects  are  not  obtainable.  In  the  second  chart  (Fig.  10)  the  proportion 
of  counts  of  fast  and  slow  rate  before  and  after  the  administration  of  the 
drug  are  practically  identical,  and  in  the  third  chart  (Fig.  II)  a  sudden 
and  notable  decrease  of  the  frequency  of  attacks  is  shown  while  full  doses 
were  being  given. 

The  relative  frequency  of  attacks,  as  shown  in  the  chart  for  the  5th  and 
6th  March,  is  known  to  have  been  accidental,  in  so  far  at  least  as  the  bella- 
donna was  concerned,  in  view  of  this  sudden  cessation  and  the  continued 
abeyance  over  the  7th  and  8th  March.  Further,  the  frequency  of  attacks 
on  the  5th  and  6th  March  (Fig.  11)  was  not  greater  than  on  the  18th  and 
20th  February  (Fig.  0),  but,  if  anything,  less  over  corresponding  hours  (for  it 
must  be  remembered  that  the  attacks  are  far  more  frequent  during  the  day 
than  the  night,  and  the  observations  upon  the  pulse  rate  under  belladonna 
were  confined  to  the  daytime).  We  arc  forced  to  the  conclusion  that  the 
variations  in  frequency  during  the  days  charted  were  due  to  influences  other 
than  those  of  the  drug  administered,  and  it  may  be  asserted  that  the  view 
that  the  attacks  may  be  due  (as  they  have  been  held  to  be  due  in  certain 
instances  by  Bouveret'-,  Nothnagel'^  and  others)  to  a  withdrawal  of  vagal 
influence  receives  no  support.  The  evidence,  such  as  it  is,  definitely  points 
in  a  direction  contrary  to  such  a  conclusion.  Observations  of  a  similar 
nature,  in  which  aconite  has  been  employed  in  doses  of  the  tincture  up  to  as 
much  as  mXV  of  the  tincture,  administered  4  hourly,  have  also  given 
negative  results  ;  it  has  been  found  impossible  to  show  that  aconite  has 
any  influence  in  checking  the  attacks. 
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11.  Hourly  observations  of  pulse  rate  (P),  and  occasional  blood-pressure  estimations  (B.P.). 
Tincture  of  belladonna  in  doses  mX  were  continued  from  the  last  day  (3rd  February)  shomi 
in  Fig.  10,  until  the  evening  of  the  4th  March,  when  the  dose  was  increased  by  m  V.  The 
chart  shows  a  high  percentage  of  paroxysm  on  the  5th  and  6th  March.  That  this  was 
independent  of  the  atropine  effect  is  demonstrated  by  its  cessation  while  the  drug  was  con- 
tinued. The  belladonna  was  stopped  on  the  evening  of  the  7th  March.  The  counts  while 
the  drug  was  being  given  are,  slow  time  29,  and  paroxysm  15.     (Day-nursing  only).     Case  I. 


*-5^^^Xvn; 


:5.j.rt^ 


observations  obtained  at  inter- 
The  foUoning  notes  were  also 


Fig.  12.  Pulse  rate  (P),  and  systolic  blood-pressure  (S.B.P. )  ; 
vals  of  5  minutes  over  a  temporary  suspension  of  paroxysm 
made  at  the  time.  11  a.m.,  marked  alternation  of  pulse,  H.A.B.  internal  to  nipple  line 
11.5,  slight  alternation  ;  11.15,  H.A.B.  just  internal  to  nipple;  11.20.  no  alternation 
11.30,  H.A.B.  nipple  line  ;  11.40,  H..\.B.  well  internal  to  nipple:  11.50.  marked  alter 
nation;    11.55,   sliglit   alternation;     12.0,  H..A.B.,   internal  to  nipple  line.     Case  T. 
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(L.)    The  effect  of  pressitre  on  the  region  of  the   vagus 
during    attacks. 

Pressure  on  the  neck  in  tlie  region  of  both  right  and  left  vagus  has 
been  repeatedly  tried  during  the  paroxysms.*  Whether  of  short  or  of  long 
duration  it  has  never  j-ielded  any  result.  In  this  connection  it  is  of  interest 
to  note  that  two  instances  have  been  reported  in  which  a  positive  result 
is  said  to  have  been  obtained  (Priesendorff'"'  and  Bensen').  In  opposition 
to  the  last  evidence  is  the  fact  that  it  is  usually  acknowledged  by  writers 
on  the  subject  that  digitalis  is  without  effect.  Moreo%er,  even  admitting 
that  the  rapid  heart  action  is  subject  to  powerful  vagal  stimuli,  tliis  in 
itself  is  no  criterion  for  the  acknowledgment  of  the  origin  of  the  attacks  in 
the  withdrawal  of  normal  impulses. 

II.    A   CASE   OF  PAROXYSMAL  TACHYC.\KDIA   OF   THE 
ArRICUL.\R    TYPE. CASE    II. 

Case  2.  The  following  brief  note  of  a  second  case  is  published  \\  ith  the 
kind  permission  of  Dr.  Young,  whose  out-patient  clinic  the  patient  was 
attending  : — 

The  patient,  a  yard-man,  aged  31,  states  that  he  has  not  suffered  from  rheumatism,  gout, 
sj-philis,  influenza,  or  the  usual  exanthemata  of  cliildhood.  He  has  never  been  afiected  with 
dyspepsia,  and  lias  had  no  fits.  His  father  is  said  to  have  died  of  heart  disease  at  the  age  of  40. 
His  mother,  tliree  brothers,  and  four  sisters,  are  aUve  and  healtliy.  He  is  married,  and  has  had 
one  child,  wliich  succumbed  to  diarrhoea  and  vomiting.  The  members  of  the  mother's  family 
have  been  long  lived  ;  those  of  the  father's  have  died  at  ages  from  40  to  50. 

The  patient  himself  was  quite  healthy  until  seven  years  ago.  He  used  frequently  to  stand 
in  the  hot  sun  during  his  working  hours,  and  experienced  giddiness  and  faintness  as  a  result. 
Subsequently  he  was  thrown  out  of  work  diu'ing  the  summer  months  for  a  few  days  each  year 
as  a  result  of  attacks.  They  usually  came  on  with  a  feeling  of  niunbness  in  the  left  arm,  and  at 
times  there  was  general  weakness  and  a  feeling  as  if  something  was  crawling  over  the  limbs. 
Each  attack  is  said  to  leave  the  hmbs  painful,  and  this  sensation  is  more  marked  in  the  left  arm, 
and  is  occasionally  present  over  the  left  side  of  the  chest.  The  attacks  are  always  brought  on  by 
work,  especially  in  hot  weatlier.  If  he  is  able  to  rest  he  is  free  from  them.  Sometimes  they  are 
brought  on  by  very  slight  exertion,  and  more  especially  when  he  is  tired  ;  lifting  the  arms  over 
the  head  may  be  sufficient.    They  are  accompanied  by  a  fluttering  in  the  cardiac  region. 

Physical  signs. — The  patient  was  seen  by  the  writer  on  two  occasions. 
On  the  first  no  abnormal  physical  signs  were  found  in  the  chest,  or,  indeed, 
in  any  part  of  the  system.  The  pulse  was  SO,  and  regular  for  long  intervals. 
An  occasional  auricular  extrasystole  was  noted.  On  getting  the  patient 
to  breathe  deeply,  and  then  requesting  him  to  hold  the  breath,  the  pulse 
invariably  became  more  irregular  ;  and  on  two  occasions  paroxysms  of  the 
auricular  type  occurred.  They  were  brief  in  duration,  and  were  followed  by 
pulse  irregularity  of  a  very  similar  type  to  that  found  in  Case  I.     Thus, 

*  The  only  remedy  which  has  met  with  success  consisted  of  an  ice  bag  applied  to  the  precordium. 
Cessation  of  the  attack  as  a  result  has  not  been  invariable. 
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there  was  sinus  irregularity,  and  auricular  extra- 
sj-stoles  were  present.  Upon  the  second  ex- 
amination the  pulse  was  slow  and  regular, 
but  on  sending  the  patient  for  a  sharp  walk 
a  paroxysm  occurred,  the  pulse  rate  ranging 
from  140-150.  The  paroxysm  continued  so  long 
as  the  j)atient  was  under  observation.  His  pulse 
rate  is  said  to  have  been  at  times  as  high  as  200. 

Reference  is  made  to  this  case  in  order  to 
illustrate  two  points.  First,  the  nature  of  the 
transition  from  fast  to  slow  and  slow  to  paroxysmal 
rates ;  for  the  transitions  are  not  so  sharp  as  in 
the  first  case.  And  secondly,  to  demonsti'ate  the 
presence  of  heart-block  during  the  long  paroxysm 
of  which  tracings  were  obtained  on  the  second 
visit. 

Description  of  the  tracings. 

Fig.  13  shows  the  onset  of  a  short  paroxysm, 
but  the  venous  curve  at  the  start  is  obscure. 
Following  upon  beats  of  irregular  length,  namely, 
'T  .  -y.  and  -M  sees.,  are  8  beats  of  equal  length, 
and  occurring  at  a  rate  of  150  per  minute.  They 
are  succeeded  by  a  pause,  and  this  is  followed  by 
a  stronger  beat,  and  two  weaker  ones  which 
resemble  those  of  the  paroxysm.  The  same 
process  is  again  repeated,  and  the  remainder 
of  the  curve  obtained  was  slow.  All  the  beats 
are  accompanied  by  a,  c,  and  v  waves,  and 
there  is  a  curious  mixture  of  the  stronger 
and  slower  beats,  and  the  weaker  and  faster 
beats  towards  the  termination  of  the  tracing. 
The  jugular  curve  gives  the  impression  that  we 
are  dealing  with  three  short  paroxysms,  and  that 
the  intervals  between  them  are  occupied  by  beats 
belonging  to  another  rhythm.  The  onset  and 
offset  of  the  longer  paroxysm,  seen  on  the  first 
^nsit,  and  lasting  some  40  seconds,  ^\e^e  of  a 
similar  nature. 

Fig.  14  is  a  portion  of  the  tracing  taken  at  the 
second  visit.  It  shows  the  dropping  out  of  a 
single  ventricular  beat.  It  is  merely  an  example 
of  an  occurrence  which  was  frequent  in  the 
tracing,  and  which  at  times  led  for  short  distances 
to  a  halving  of   the  ventricular  rate.      The  time 
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relations    of    the    radial    beats,    and    the    lengths    of    the    a-c    intervals, 
demonstrate   that   the  ventricular   silence  is  dependent    upon   a    defect   of 


Fig.  14.  Ca.se  II.  Tracmg  taken  during  a  paroxysm.  Tlie  radial  curve  shows  a  single  dropped  beat. 
The  venous  curve  demonstrates  that  the  irregularit\-  was  tlie  result  of  auriculo-\entricular 
heart-block.    Pulse  rate  144. 


conduction,  and  the  instance  is  in  contrast  to  the  dropping  out  of 
paroxysmal  beats,  as  a  result  of  altered  contractility,  already  noticed. 

For  comparison  with  the  first  case  reported  the  following  pulse  counts, 
as  calculated  from  tracings,  and  taken  shortly  after  the  onset  of  ths 
paroxysm,  and  continued  for  38  minutes  (at  intervals  of  1  minute),  may 
be  of  interest  : — 

I4n,  150.  147,  150,  145,  147,  147.  148,  144,  14S.  144,  143,  144.  140,  146, 
144,  144,  143,  145,  142,  146,  145,  143,  144,  143,  145.  141.  140.  147,  145.  148, 
140,  142,  142,  140,  140,  143,  145,  and  140. 


III.  The  experimental  production'  of  paroxysmal 

TACHYCARDIA. 

The  writer  has  been  able  to  produce  tachycardia  experimentally  in  a 
cat  and  in  a  number  of  dogs  b\'  ligation  of  the  coronary  arteries,  more 
especially  the  right.  Such  attacks,  following  as  a  rule  some  hour  or  hour- 
and-a-half  after  ligature,  are  preceded  by  extrasystoles,  which  may  be, 
in  the  case  of  the  right  coronary,  of  ventricular  or  auricular  origin.  In 
several  instances  extrasA'stoles  of  auricular  and  ventricular  origin  occurred 
mixed  with  others,  in  which  both  auricle  and  ventricle  contracted  prematurely. 
The  tachycardia,  when  it  comes,  is  quite  abrupt  in  onset,  and  varies  in  rate 
in  different  instances  and  under  different  conditions,  from  140  to  400  per 
minute.    Often  it  ends  in  fibrillation  of  the  ventricle*,  but  on  manv  occasions 


*   Its  onset  appears  to  be,  as  a  rule,  ventricular,  and  generally  strong  vagal  stimulation  fails 
to  inliibit  the  ventricle,  but  brings  the  aiu-icle  to  a  standstill. 
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the  normal  rhythm  has  reappeared  and  reappeared  abruptly.  During  the 
tachycardia,  auricle  and  ventricle  contract  together  ;  the  ventricle  being 
somewhat  earlier  than  the  auricle  (as  a  rule  by  about  0-15  sec).  It  would 
seem  probable  that  its  nature  is  closely  related  if  not  identical  with  the 
variety  of  paroxysmal  tachycardia,  or  tachycardia,  known  as  the  ventricular 
or  nodal  form*,  but  so  far  as  the  observations  bearing  on  these  questions  are 
concerned  the  writer  prefers  to  reserve  publication  until  the  subject  has 
received  fuller  attention. 


Fig.  15.  Sliowing  paroxysmal  tachycardia  in  a  cat  (fully  an^Bthetised  with  urethane  and  A.C.E.) 
as  a  result  of  ligation  of  the  right  coronary  artery.  The  ciu've  was  taken  from  the  carotid 
artery  by  means  of  a  Hiirthle  manometer.  To  the  left  of  the  stop  the  pulse  rate  is  90  ;  to  the 
right  of  the  stop  it  shows  a  period  at  the  rate  180.  Both  vagosympathetics  were  completely 
divided.    The  stop  was  of  but  a  few  seconds  duration. 


It  is  only  necessary  at  the  present  time  to  illustrate  the  experiments  by 
the  curve  shown  in  Fig.  15.  The  figure  is  a  Hiirthle  manometer  curve 
from  the  carotid  of  a  cat,  taken  subsequent  to  the  ligature  of  the  right  coronary 
artery,  directly  before  and  directly  after  the  onset  of  the  tachycardia.  The 
points  to  which  attention  is  directed,  are  as  follows  : — ■ 

1.  The  curve  was  taken  subs^^quent  to  complete  section  of  both 
vagosympathetic  nerves.  We  have,  therefore,  an  example  of  tachycardia 
produced  as  the  result  of  a  change  intrinsic  in  the  heart,  a  tachycardia  which 
can  in  no  way  be  attributed  to  central  influences. 

2.  An  examination  of  the  curve  before  and  after  the  onset  of  the 
paroxysm  will  show  that  the  fast  rate  is  almost  if  not  precisely  double  the 
slow  rate  (the  rates  are  90  and  180  respectively) ;  yet  we  know  that  the  slow 
rate  of  pulse  beat  is  the  result  of  the  normal  rhythm  with  the  normal 
sequence  of  contraction  of  the  cardiac  chambers. 

These  facts  will  be  utilised  in  the  subsequent  discussion. 


*  T/ie  nodal  form  has  been  attributed  by  Mackenzie  to  simultaneous  contraction  of  auricle  and 
ventricle. 


T.      LEWIS. 


IV.  The  pathology  of  the  auricular  form  of 

PAROXYSMAL   TACHYCARDIA. 

The  full  discussion  of  the  pathology  of  the  auricular  form  of  paroxysmal 
tachycardia  must  necessarily  await  a  detailed  description  of  further  cases, 
and  especially  those  eventual  findings  of  autopsical  examination,  which 
at  the  present  time  are  completely  wanting. 

From  the  nature  of  the  cases  described,  and  from  the  observations  of 
previous  writers,  it  is  obvious  that  we  are  in  the  presence  of  a  disturbance 
of  the  heart's  function,  which  is  independent  of  gross  macroscopic  change. 
We  have  to  deal  with  a  problem  in  which  facts,  relating  to  the  regulation  of 
the  normal  heart  rhythm,  and  to  the  inception  of  abnormal  stimulus  pro- 
duction, must  be  of  paramount  importance.  It  has  been  customary  in  the 
past  to  offer,  in  explanation  of  all  marked  variations  from  the  normal  heart 
rate,  hypotheses  consistent  with  our  knowledge  of  the  powerful  nervous 
mechanism  controlling  the  heart  rate.  But,  with  the  expansion  of  our 
knowledge,  the  drift  of  recently  recorded  thought  has  tended  more  and 
more  towards  the  emphasis  of  the  importance  of  local  factors.  Vagal  and 
sympathetic  innervation  may  be  potent  regulators  of  heart  rate,  but  can  no 
longer  be  regarded  as  the  sole  determinants  of  its  variation.  Though  our 
knowledge  in  this  direction  is  still  very  deficient,  other  influences  have  to  be 
acknowledged. 

In  the  present  instance  it  will  suffice  if  certain  of  the  more  prominent 
suggested  hypotheses  receive  examination,  dealing  in  particular  with  those 
upon  which  the  present  observations  bear. 

In  the  first  place,  a  few  remarks  may  be  offered  as  a  contribution  to  the 
discussion  of  nervous  innervation.  If  paroxysms  of  tachycardia,  such  as 
have  occurred  in  the  patient  who  forms  the  main  basis  of  the  observations 
recorded  in  this  paper,  are  to  be  attributed  to  a  withdrawal  of  vagal  impulses*, 
or  to  an  accession  of  sympathetic  influence,  then  it  must  be  conceded  that  such 
changes  in  nervous  action  may  be  long  continued.  Further,  it  will  have  to 
be  admitted  that  such  alterations  of  nervous  activity  must,  to  account  for 
the  phenomena,  be  almost  instantaneous  in  their  occurrence  and  uniform 
in  their  influence.  From  our  acquaintance  with  the  physiology  of  these  nerves 
it  would  seem,  at  all  events  so  far  as  the  sympathetic  is  concerned,  as  if  such 
admissions  are  barely  justified.  Moreover,  it  is  open  to  question  if,  in  man, 
suspension  or  the  reassertion  of  vagal  influence  is  sufficient  to  produce 
the  wide  variation  of  pulse  rate  met  with  in  these  casesf.      It  cannot  be 

*  As  held  by  Nothnagel'*,  Bouveret^,  and  others. 

t  Bouveret^,  after  a  careful  consideration  of  instances  of  central  vagal  affection  in  man,  con- 
cluded that  the  increase  of  pulse  rate  attributable  to  tliis  source,  is  not  greater  than  the  rate 
150  to  160  (p.  844).  At  the  same  time  a  careful  perusal  of  his  pajjer,  and  also  that  of 
Proebsting^'  will  convince  the  reader  of  the  intricacy  and  difficulty  of  the  problem  in  tho 
absence  of  direct  evidence. 
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forgotten  that  lesions  of  the  vagi  and  its  nuclei  have  been  suspected  in 
association  \vith  paroxysmal  tachycardia  (the  word  suspected  is  used,  as 
the  writer,  after  a  careful  examination  of  such  instances,  is  not  convinced 
that  there  is  a  single  clean  case  on  record*),  but  at  the  same  time  it  must  be 
remembered  that  changes  in  the  heart  wall  itself  have  been  observed  much 
more  frequently.  The  absence  of  an  effect  from  atropine,  and  the  impotency 
of  aconite  in  checking  the  attacks,  are  strong  arguments  against  the  deter- 
mination of  paroxysms  by  the  withdrawal  of  vagal  influence.  The  reaction 
of  a  case  to  aconite,  which  may  be  found  in  the  future,  and  control  of  an 
attack  by  pressure  on  the  vagus,  such  as  has  been  already  recorded  by 
Bensen,  could  prove  nothing  more  than  that  strong  vagal  stimulation 
may  check  an  attack.  Again,  paroxysms  of  rapid  heart  action  may 
be  produced  experimentally  when  that  organ  is  cut  off  entirely  from 
central  control  (as  demonstrated  in  section  III  of  this  paper),  and  such 
rapid  heart  action  appears  to  be,  as  a  rule,  beyond  the  control  of  strong 
vagal  stimulation. 

In  brief,  we  are  brought  face  to  face  with  the  fact  that  paroxysms  of 
tachycardia  or  simple  tachycardia  may  be  brought  about  by  causes  intrinsic 
in  the  heart,  and  we  have  not,  as  j'et,  final  proof  that  paroxysms  can  be 
produced  in  any  other  way.  The  possibility  that  human  paroxysmal  tachy- 
cardia has  an  origin  similar  to  or  identical  with  that  noticed  in  experiment 
must  be  admitted,  and,  as  a  consequence,  it  becomes  convenient  to  regard  the 
condition  as  the  result  of  a  local  state  of  irritability.  And  such  a  view 
receives  support  from  several  sources.  A  similar  hv-pothesis  has  been  pro- 
pounded, and  there  is  much  to  support  it,  in  explanation  of  the  companion 
affection,  the  ventricular  or  nodal  form  of  tachycardia,  as  it  occurs  in  man. 
It  is  also  supported  by  the  fact  that  single  or  successive  extrasystoles  are 
attributed  to  similar  causes,  and  that  these,  like  tachycardia  itself,  may 
result  from  the  experimental  production  of  an  area  of  anaemic  heart  wall. 
This  argument  brings  us  at  once  to  an  important  consideration,  namely, 
the  relationship  of  the  beats  of  the  parox3-sm  to  so-called  extrasj'stoles  in 
general. 

Whether  the  beats  of  the  paroxysm  can  be  regarded  as  extrasystoles 
depends  entirely  upon  the  definition  of  extrasystole  which  is  adopted.  If 
extrasystole  is  regarded  as  a  term  apphed  to  any  beat  of  the  heart  or  part 
of  the  heart,  arising  as  a  result  of  stimulus  production  in  some  portion  of 
the  musculature,  other  than  the  sinus,  or  to  abnormal  stimulus  production 
at  the  sinus,  then  there  is  no  reason  why  a  rapid  heart  action  should  not  be 
looked  upon  as  the  result  of  a  succession  of  extrasystoles,  so  long  as  we  are 
satisfied  that  such  heart  beats  are  not  of  normal  sinus  origin.    An  observation 

*  Reference  may  be  made  to  the  long  series  of  tachycardias  collected  by  Proebsting,  to  Rein- 
hold's  case*',  in  which  medullary  lesion  and  arterial  disease  were  combined,  and  to  other  cases 
cited  by  SchmoU^.  On  the  other  hand,  for  description  of  the  lesions  of  the  heart,  reference 
may  be  made  to  Herringham's  collected  cases'",  and  to  Mackenzie's  two  cases". 
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which  has  been  repeatedly  made,  and  one  upon  which  much  stress  has  been 
laid,  is  the  fact  that  when  in  a  case  of  paroxysmal  tachycardia  the  heart 
is  beating  slowly,  there  is  a  notable  tendency  for  the  appearance  of  extra- 
systoles.  Let  us  assume  that  in  a  given  case  the  paroxysm  is  due  to  a  rapid 
stimulus  production  in  an  abnormal  and  irritable  focus.  It  is  but  rational 
to  imagine  that  during  the  slow  rate  an  occasional  beat  may  be  thrown  in 
from  the  same  source.  This  has  very  probably  occurred  in  instances  of 
ventricular  paroxysm,  such  as  that  figured  by  Mackenzie'*  (Fig.  230),  and 
may  also  account  for  some  of  the  irregularity  noticed  in  Fig.  13  of  this  paper. 
But  the  occurrence  of  an  occasional  extra  beat  during  the  slow  pulse  rate  is 
not  unequivocal  evidence,  though  it  has  been  used  as  the  sole  evidence,  for 
the  similar  nature  of  the  paroxj'sm  itself.  This  position  is  fully  substantiated 
by  an  examination  of  the  electrocardiographic  curves  of  case  I.  These 
curves  demonstrate  completely  the  wide  difference  between  the  beats  of  the 
parox\-sm  and  those  disturbing  the  slow  rhythm.  The  two  varieties  of 
extra  beat  may  be  emjihatically  declared  as  of  a  completely  different  nature. 

In  concluding  the  foregoing  considerations  it  may  be  said  that  there 
is  evidence  for  regarding  certain  instances  of  paroxysmal  tachycardia  as 
resulting  from  intrinsic  changes  in  the  heart  itself.  But  before  we  can 
adojjt,  as  at  the  most  a  provisional  hypothesis,  the  presence  of  an  irritable 
focus,  at  one  or  other  heart  level,  in  explanation  of  certain  groups  of  cases, 
there  remains  to  be  discussed  a  further  intrinsic  possibility  which  has  been 
adopted  more  recently  by  Hoffmann'-. 

Follo^^ing  the  work  of  the  eighties  and  nineties,  upon  which  the  strict 
separation  of  the  cardiac  functions  is  based,  it  has  become  the  custom 
to  interpret  all  abnormal  cardiac  action,  so  far  as  possible,  in  terms  of  these 
functions.  \Yhether  such  a  classification  will  eventually  justify  itself 
remains  for  the  future  to  decide,  but  there  can  be  little  doubt  that  in  many 
directions  hypotheses  based  upon  the  independence  of  these  functions 
have  been  suggested  prematurely  or  upon  totally  insufficient  data.  Hoffmann 
first  drew  attention  to  the  fact  that  in  paroxysmal  tachycardia  there  is  a 
tendency  for  the  fast  rate  to  be  double  or  quadruple  the  slow  rate.  But 
Hoffmann  went  further,  and  stated  that  such  doubling  is  exact.  In  a  series 
of  cases  the  pulse  rates,  given  in  his  text,  show  such  an  exact  relationship. 
Basing  his  arguments  upon  these  observations  and  statements  he  concludes 
that  paroxysmal  tachycardia  is  the  result  of  a  periodic  failure  of  response  of  a 
cardiac  chamber  at  a  low  level  to  the  impulse  received  from  one  at  a  higher 
level ;  for  example,  the  failure  of  auricular  resi:)onse  to  sinus  contraction. 
In  brief,  the  slow  rate  is  attributed  to  an  alternate  failure  of  response,  and 
the  paroxysm  its?lf  is  regarded  as  an  expression  of  the  usual  or  constant 
sinus  rate.  It  will  be  apparent  that  such  interference  with  sequential  con- 
traction may  occur  as  the  result  of  a  theoretic  deficiency  of  several  functions, 
and  accordingly  such  explanations  have  been  offered.  The  proposition  is  at 
once  weakened,  when  it  is  known  that  Hoffmann's  numbers  are  round  figures, 
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and  that  exact  measurement,  of  some  at  least  of  the  tracings  given,  fails  to 
carry  conviction  of  exact  doubling  or  halving.  Other  recorded  cases  show 
an  even  greater  divergence,  and  in  the  cases  described  in  the  present  paper 
exact  doubling  or  halving  is  far  from  being  jiresent.  Moreover,  the 
possibility  of  sino-auricular  block  is  placed  entirely  out  of  court  by  the 
varying  length  of  pause  separating  fast  and  slow  rhythms.  In  the  presence 
of  true  halving  of  sino-auricular  origin  the  pause  should  bear  a  constant 
relationship  to  preceding  and  succeeding  beats.  Further,  it  will  be  i^erfectly 
apparent  that  the  view  cannot  apply  to  such  an  example  of  paroxysm  as 
that  produced  in  the  cat  as  a  result  of  coronary  ligature  (Fig.  15).  Yet  in 
this  instance  doubling  of  the  original  rate  is  almost,  if  not  quite,  exact  within  the 
error  of  measurement.  An  exj)lanation  of  this  fact  the  writer  is  not  at 
present  prepared  to  offer,  but  he  is  content  to  record  the  undoubted 
fact. 

It  is,  however,  possible  that  halving  and  exact  halving  of  the  paroxysmal 
rate  may  take  place,  and  this  for  reasons  similar  to  those  suggested  by 
Hoffmann,  and  it  is  quite  possible  that  certain  of  the  cases  of  halving  noted 
by  him  were  of  this  nature.  The  pulsus  alternans  is  known  to  occur  frequently 
during  paroxysms,  and,  as  a  result  of  marked  alternation,  alternate  beats 
may  fail  to  leave  an  impression  upon  the  recording  instrument  (a  fact  which 
has  also  been  observed  in  paroxysms  produced  experimentally  in  dogs). 
An  example  of  this  nature  is  given  in  the  commencement  of  the  paroxysm 
shown  in  Fig  la,  and  the  same  phenomenon  has  also  been  seen  during  a 
paroxysm.  But  the  production  of  a  comparatively  slow  ventricular  rhythm 
by  this  means  must  be  carefully  distinguished  from  the  recurrence  of  the 
original  slow  rhythm,  which  is  obviously  of  a  totally  distinct  and  specific 
nature.  We  can  go  yet  further  and  state  that  auriculo-ventricular  heart- 
block,  due  in  all  probability  to  a  deficiency  of  conduction,  may  be  found 
during  a  paroxysm,  and  may  be  sufficiently  marked  as  to  simulate  a  return  to 
the  slow  or  normal  rhythm,  in  tlie  radial  pulse. 

The  possible  production  of  a  slow  ventricular  rhythm  from  a  fast  sinus 
rhythm  by  periodic  failure  of  responses  of  the  low  level  chamber  has  to  be 
recognised.  But  it  has  never  been  shown  to  he  anything  more  than 
temporary  in  duration,  and,  any  attempt  to  explain  the  complete  cardiac 
derangement  in  true  paroxysmal  tachycardia  by  the  supposition  of  a  constant 
increased  sinus  rhythm,  with  occasional  periods  during  which  tiie  auricle 
or  ventricle  fails  to  keep  the  pace,  can  only  lead  observers  astray  from  the 
essential  feature  of  such  cases,  namely,  that  we  have  to  deal  with  the  sudden 
and  paroxysmal  onset  of  an  entirely  neiv  and  specific  heart  rhythm. 

The  nature  of  the  paroxysmal  rhythm,  and  the  point  at  which  it  takes 
its  origin,  cannot  be  determined  at  present  with  exactitude.  There  is  reason 
to  believe  that  it  differs  essentially  from  the  normal  rhythm,  for  it  is  often 
separated  from  it  by  a  lengthened  pause.  Moreover,  a  comparison  of  the 
ventricular  electrocardiogram  during  the  slow  and  fast  rate  can  only  lead  to 


70  T.    LEWIS. 

the  conclusion  that  they  are  distinct.  The  wave  R  is  disproportionately 
large,  and  the  wave  T  is  absent  during  the  paroxysm. 

The  focus  from  which  the  new  rhythm  arises  is  known  to  be  as  high  as 
the  auricle,  and  in  view  of  the  normal  character  of  the  wave  P,  is  probably  as 
high  as  the  sino-aiiricular  junction.  Whether  it  lies  in  the  collection  of 
primitive  tissue  found  at  this  site,  or  whether  it  is  to  be  sought  in  the  sinus 
itself,  is  a  question  which  at  present  it  is  impossible  to  decide. 

In  conclusion,  an  attempt  may  be  made  to  construct  a  collective  table, 
which  shall  include  those  examples  of  new  or  abnormal  cardiac  impulses 
of  which  we  have  sufficient  knowledge.  It  must  be  clearly  understood 
that  such  a  table  is  of  the  most  tentative  nature,  and  serves  chiefly  in  giving 
an  idea  of  the  possible  relationships  of  the  origins  of  the  resultant  contrac- 
tions one  to  another.  Certain  tachycardias  are  included  in  the  list,  and  the 
inferences  to  be  drawn  from  such  grouping  should  be  understood  to  be  at 
present  purely  hypothetical.  Nevertheless,  as  a  possible  interpretation  of 
the  facts,  the  table  may  be  found  to  be  not  \\ithout  value,  laying,  as  it  does, 
emphasis  upon  certain  features  displayed,  either  alone  as  characteristic  of  an 
individual  type,  or  in  common  by  two  or  more  types  of  a  single  group. 

The  classification  is  based  upon  the  assumption  that  all  parts  of  the 
normal  heart  musculature  are  capable  of  giving  rise  to  spontaneous  contrac- 
tions under  special  circumstances,  and  beats  of  this  nature  are  included  in 
the  first  category  iinder  the  heading  '"  Physiological  beats."'  This  division 
is  further  sub-di\"ided  according  to  whether  such  beats  occur  singly  or  in 
succession.  The  second  division,  termed  "  Pathological  beats  "  (meaning  by 
the  term,  beats  arising  as  a  direct  result  of  a  local  morbid  process)  is  further 
subdivided,  according  to  whether  such  contractions  are  single  or  successive, 
according  to  whether  they  interfere  with  the  normal  sinus  rhythm,  and 
according  to  the  situation  in  which  they  may  be  supposed  to  arise. 

A.  "  Physiological  beats." 

1.  Single.  Extra  beats  of  ventricular  origin,  probably  arising  in  the  lower  part  of  the 

bvmdle,  and  found  in  cases  of  partial  heart -block*. 

2.  Multiple.    The  continuous  ventricular  rhythm.  #t  about  30  per  minute,  met  \vith  in 

complete  heart-block  (idiov^entricular  rhj-thm'. 

B.  ■'  Pathological  beats  "  (probably  arising  as  a  resxilt  of  an  irritable  lesion). 


1.   Single 

(so-called 
extraaystoles). 


a.   Without   interruption  of  sinus    j  1.   auricular. 

rhythm.  -,  2.  nodal  or  atrioventricular. 

'  3.   ventricular, 

b.   With  interruption  of  sinus  i'  1.   sinoidal. 

rhythm.  .  2.  auricular. 

I  3.  nodal  (?  retrogade). 


•  Contractions  of  this  nature  were  described  by  Lewis  and  MacNalty  ( Journ.  of  Physiol., 
1908,  xsxvii,  445). 
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|-  a.   Without  interruption  of  BinuB  rhythm. 

occurrence  of  short  ( 


2.  Multiple 

and         -'    b.   With  interruption  of 
successive,  y         sinus  rhythm. 


occurrence  of 
longer  duration. 


ventricular*. 

1.  auricular. 

2.  nodal. 

3.  ventricular*. 

1.  auricular  form 
of  paroxysmal 
tachycardia. 

2.  nodal  rhythm 
or  pulsus  irre- 
gularis per- 
petuus^. 

3.  nodal  or  ven- 
tricular form  of 
par.  tachycardia. 


Chief  conclusion.s. 

1.  Two  forma  of  paroxysmal  tachycardia  are  met  with  ;  in  one  the 
sequence  of  contraction  of  the  cardiac  chambers  is  normal  ;  in  the  other 
the  auricle  fails  to  contract  at  the  usual  instant  in  the  cycle. 

2.  In  the  first,  or  auricular  form  of  the  affection,  extrasj-stoles  occur, 
but  their  nature  is  different  from  the  beats  of  the  paroxysm.  The  rhythm 
of  the  paroxysm  is  one  sui  generis. 

3.  The  evidence  is,  on  the  whole,  opposed  to  the  view  that  the  paroxysm 
is  to  be  regarded  as  the  result  of  altered  central  innervation.  It  is  more 
rationally  ascribed  to  an  intrinsic  change  in  the  heart  itself. 

4.  It  is  probable  that  the  rhythm  between  the  paroxysms  is  the  normal 
rhythm  of  the  heart,  and  that  the  rhythm  of  the  paroxysm  is  present  during 
the  paroxysm  alone. 

5.  Parox}-smal  tachycardia  (of  a  ventricular  form)  can  be  readily 
produced  exjJerimentally  b}^  ligation  of  the  riglit  coronary  artery,  and  in  this 
condition  the  dog's  ventricle  may  beat  at  400  per  minute.  The  ventricle 
contracts  first  and  is  followed  by  the  auricular  systole.  Vagal  stimulation, 
when  the  heart  is  in  this  condition,  as  a  rule,  slows  or  stops  the  auricle,  while 
the  ventricular  rhythm  continues  unaltered. 


*  Such  as  those  described  in  LarKtt,  1909,  i,  382. 

t  It  is  probable  that  this  fonn  of  irregularity  will  subsequently  require  further  subdivision. 
An  electrocardiogram  recently  obtained  from  an  instance  of  the  sort  shows  an  interruption 
of  the  usual  picture  by  an  atypical  beat  corresponding  to  the  type  described  by  Kraus  and 
Nicolai  as  an  extrasystole  arising  in  the  left  ventricle. 


72  T.    LEWIS. 

BIBLIOGRAPHY. 

*  Bensen.     Berl.  klin.  Wochenschr.,  1880,  xvii,  2-18. 
-     Boutt:ret.     Revue  d.  nied..  1889,  ix,  753. 

'     Cotton.     B.M.J..  1807.  i,  629. 

*  CowAX,  McDonald  and  BtNNiNO.     Quart.  Joum.  Med..  1909,  ii,  14(i. 
^     CusHXY  and  Grosh.     Joum.  Amer.  Med.  Assoc,  1907,  XLix,  Fig.  15. 

"  Faisajns.     Bull,  et  mem.  d.  1.  soc.  med.  d.  hop.,  1890,  %Ti,  964. 

'  Falconer.     Practitioner,  1909,  lxxxii,  269. 

*  Gerhardt.     Deutsch.  Arcliiv  f.  klin.  Med.,  1905,  Lxxxil,  519. 
9  Hay.     Edin.  Med.  Joum..  1907.,  I,  42. 

Herringham.      Edin.  Med.  Joum.,  1897,  i,  366. 
HrRSCHFELDER.     Joliu  Hopkins  Hosp.  Bui.,  1900,  •s.vu,  337. 
Hoffmaxn.     Deutsch.  Arehiv  f.  klin.  Med.,  1903,  l.kxviii,  39. 
Hoffmann.     Zeitsclir.  f.  klin.  Med.,  1904,  un,  206. 
Mackenzie.     '"  Diseases  of  the  Heart,"  London,   1908. 
M.iCKENZiE.     Quart.  Joum.  Med.,  1908, 1,  146. 
XoTHN.iGEi,.     .-Vhstract  in  Sem.  med.,   1887,  ^^I,   191. 
Oettinger.     Sem.  med.,  1894,  xiv,  421. 

Preisendorff.     Deutsch.  Arehiv  f.  klin.  Med.,  1880,  xx^^I,  387. 
Proebstlng.     Deutsch.  Arehiv  f.  klin.  Med.,  1882,  xxxi,  349. 
Reinhold.     Zeitsclu-.  f.  klin.  Med.,  1906,  ux,  108. 
ScHMOLL.     .\mer.   Joum.   Med.   Sci..    1907,   cxxxiv,   662. 
WiLiJAMs.     Briatol  Med.  Cliir.  Joum.,  1897,  xv,  122. 


THE  MEASUREMENT  OF  SYSTOLIC  BLOOD   PRESSURE  IN  MAN. 

By  LEONAED    HILL. 

With  the  co-operation  of  Mr.  Martin  Flack  and  Dr.  W.  Holtzmann. 

(From  the  Physiological   Laboratory,  London  Hospital  Medical  School.) 

A  CONSIDERABLE  amount  of  discussion  has  taken  place  during  the  last 
year,  as  to  the  value  of  the  obliteration  of  the  pulse  as  an  index  of  systolic 
blood  pressure,  the  obliteration  being  brought  about  by  aid  of  the  armlet 
which  was  independently  invented  by  Riva  Rocci^  aiad  Hill  and  Barnard*, 
and  has  since  been  used  almost  universally  for  the  measurement  of  blood 
pressure  in  man.  It  has  been  asserted,  and  particularly  by  RusselP, 
Oliver',  Herringham'  *  -,  and  Williamson',  that  the  rigidity  of  the 
arterial  wall  may  be  a  cause  of  error,  in  that  the  pressure  of  the  air  in  the 
rubber  cuff  may  go  in  part  to  overcome  the  rigidity  or  elasticity  of  the  wall. 
Russell  asserts  that  in  cases  of  supjiosed  high  pressure  the  arteries  are  in  a 
state  of  contraction — hypertonus — and  that  in  this  state  much  pressure  is 
required  to  squeeze  together  the  arterial  walls.  Herringham  and  Womack- 
have  measured  the  jjressure  required  to  obliterate  a  number  of  arteries 
obtained  post  mortem,  and  have  found  that  while  many  require  but  a 
few  millimetres  of  mercury,  some  require  nearly  20  mm.  Hg.,  and  two 
even  more  than  30  mm.  Hg.  Since  MacWilliam  and  Mackie''  have  shown 
that  excised  arteries  easily  pass  into  a  stiff  condition  of  post  mortem  con- 
traction, very  much  weight  cannot  be  placed  upon  these  figures,  but 
Herringham'  has  recently  announced  that  arteries,  which  he  had  soaked 
in  a  1  per  cent,  solution  of  sodium  fluoride  to  abolish  contractility,  still 
required  pressure  to  obliterate  them,  and  that  this  was  particularly  the  case 
in  degenerated  arteries  taken  from  a  high  pressure  case.  We  would  point 
out  here  that  the  index  used  in  these  experiments,  namely,  cessation  of  flow, 
is  not  the  same  as  the  blockage  of  the  pulse  wave,  the  index  used  in  living 
man.  Experiments  on  the  blockage  of  the  pulse  wave  in  post  mortem 
arteries  seem  to  us  to  be  required  for  comparison  rather  than  experiment 
on  the  actual  cessation  of  all  flow  through  the  artery.  A  pulsatile  and  a 
steady  continuous  flow  are  different  phenomena.  The  pulse  wave  is  trans- 
mitted by  the  wall  of  the  artery,  and  may  be,  and  probably  is,  damped  down 
to  the  vanishing  point  before  the  flow  is  stopped. 

We  have  sought  to  prove  the  accuracy  of  the  systolic  index  in  man  by 
two  methods.  In  one  we  measured  the  difference  between  the  pressures 
in  two  arteries  placed  at  different  levels  in  relation  to  the  heart,  the  proof 
being  that  the  pressure  differs  by  the  hydrostatic  pressure  of  the  column  of 
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blood  which  separates  the  two  points  of  measurement.  For  it  is  unlikely 
that  this  would  be  the  case  if  the  arterial  wall  affects  the  reading,  as  the 
state  of  the  wall  varies  in  different  arteries  in  pathological  cases.  The 
pressure  in  the  two  arteries  is  measured  by  us  synchronously,  either  by 
pal2:)ating  the  radial  on  the  dependent  arm  of  the  subject  with  the  fingers 
of  one  hand,  and  the  radial  of  the  arm  which  is  elevated  with  the  other  hand, 
or  by  utilising  the  radial  of  one  arm,  and  the  posterior  tibial  or  dorsalis  pedis 
of  one  leg — the  armlets  being  placed  on  the  upper  arms,  or  one  on  the  arm 
and  the  other  round  the  calf.  Our  other  method  is  to  measure  with  a  second 
armlet  the  pressure  in  the  superficial  veins  of  the  forearm,  while  the  brachial 
armlet  is  kept  at  a  pressure  10  mm.  Hg.  lower  than  the  obliteration  pressure, 
to  show  that  the  pressure  rises  in  these  veins  to  the  pressure  in  the  brachial 
armlet,  and  thus  to  prove  that  the  obliteration  pressure  is  correct,  at  any 
rate  within  10  mm.  Hg.  (Hill  and  Flack^).  We  have  recently  carried  out 
this  method  on  a  case  of  slight  hemiplegia  with  an  arterial  pressure  of 
220  mm.  Hg.,  and  have  found  that  on  keeping  the  brachial  armlet  at  200,  the 
pressure  in  the  veins  rose  to  200.  We  were  not  able  to  carry  the  venous 
pressure  nearer  than  this  to  the  arterial,  owing  to  the  painful  feeling  of 
tension  caused  by  the  rise  of  pressure  in  the  limb.  It  is  of  interest  to  note 
that  oedema  followed  the  application  of  the  armlet  in  both  the  foot  and  the 
hand  of  the  paralysed  side.  This  is  the  only  occasion  on  which  we  have 
been  unfortunate  enough  to  produce  oedema. 

W.  (male,  old),  suffering  from  cerebral  hcvmorrhage.  The  arteries  feel 
hard. 

Obliteration  pressure  220  mm.  Hg. 

Pressure  maintained  in  the  bracliial                             Pressure  obtained  in  the  superficial 
armlet.                                                                                veins. 

200  falling  to                                                                         first  reading  95 

185                                                                                          second  reading  125 

third  reading  165 

fourth  reading  170 

fifth  reading  180 

200  first  reading   180 

second  reading  200 

In  all  the  cases  to  which  we  have  apphed  this  method,  we  have  found 
no  evidence  of  inaccuracy  in  the  systolic  index. 

Williamson'  has  recorded  the  pressure  in  the  arm  and  leg  of  a  fairly 
large  number  of  cases,  in  which  the  pressure  was  high  and  the  arteries 
degenerated,  and  has  found  an  inequality  between  the  two  limbs,  the  subject 
being  placed  horizontally.  The  inequahty  was  sometimes  to  the  extent  of 
50  mm.  Hg.  Williamson  did  not  record  the  pressure  in  the  leg  and  arm 
synchronously,  and,  in  our  opinion,  this  is  necessary,  because  of  the  varying 
strength  of  the  systoles,  the  varying  effect  on  the  blood  pressure  of  placing 
the  armlet  on  the  leg  or  arm  respectively,  etc. 

Dr.  WiUiamson  has  been  kind  enough  to  let  us  examine  some  of  his 
cases.      Taking    the    pressures    synchronously,    and    using    the    radial    and 
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posterior  tibial  pulses  (or  that  of  arteria  dorsaUs  pedis)  as  indices,  we  found 
that,  on  the  very  first  time  of  raising  the  pressure  in  the  armlet,  it  took  a 
higher  pressure  to  obliterate  the  posterior  tibial  than  the  radial  vessel.  On 
allowing  the  pressure  to  oscillate  up  and  down,  and  so  reading  the  dis- 
appearance or  reappearance  of  the  pulse  several  times  in  succession  (the 
method  we  always  adopt),  we  found  that  the  pressures  became  equal  or  very 
nearly  equal ;  the  reappearance  of  the  pulse  giving  pressures  more  exactly 
equal  than  the  disappearance. 

R.  E.  {male,  old),  with  hard  arteries  and  systoles  of  unequal  force* 

(D  =  disappearance  ;   R  =  reappearance  of  pulse. ) 


OBSTEKVER 

ARM. 

LEG. 

OBSERVER 

ARM. 

LEG. 

L.H. 

D  175 

210  ^ 

first 

M.F.   . . 

D  170 

195 

R  160 

190  i 

reading 

R  155 

155 

D  160 

160 

D  1S5 

195 

R  135 

135 

R  163 

165 

D  170 

190 

O.K.W. 

D  190 

190 

R  160 

165 

R  172 

190 

D  165 

185 

D  187 

187 

R  150 

155 

R  155 

155 

D  170 

180 

D  182 

182 

R  160 

160 

R  152 

152 

D  160 

160 

P.C.VV. 

D  155 

165 

D  170 

185 

R  142 

160 

R  155 

155 

D  172 

175 

D  155 

170 

R  145 

140 

R  155 

155 

C. 

F.  (male, 

old). 

OBSERVER 

ARM. 

LEG. 

OBSERVER 

.4.RM. 

LEG. 

L.H. 

D  170 

185 

first 

reading. 

M.F.   . . 

D  170 
R  155 

170 
155 

R  146 

160 

1 

D  170 

170 

D  163 

180 

1 

R  160 

160 

R  155 

160 

^ 

D  168 

168 

D  174 

178 

R  158 

158 

R  156 

158 

D  163 

165 

D  175 

175 

R  160 

160 

R  155 

155 

1  L.H.   .. 

D  165 

175 

D  168 

174 

I 

R  160 

160 

R  151 

155 

D  163 

170 

M.F 

D  175 
R  151 

180 
155 

R  160 

160 

J. 

S.  (male. 

old). 

Mrs. 

F.  (old). 

OBSEBVEB 

ABM. 

LEG. 

OBSEBVEB 

ARM. 

LEG. 

L.H. 

D  170 

190 

first 
reading 

M.F.    .. 

D  220 

238    first 

reading 

R  165 

105 

R  192 

225 

D  170 

176 

R  195 

195 

R  165 

168 

D  210 

210 

D  178 

178 

R  202 

192 

R  164 

165 

O.K.W. 

D  210 

225 

M.F. 

D  160 

172 

R  180 

210 

R  158 

158 

D  210 

210 

D  170 

170 

R  200 

200 

R  165 

165 

i 

D  195 

208 

R  180 

180 

*  All  observations  included  in  this  paper  were  made  in  horizontal  postiufl,  except  where 
definitely  stated  to  the  contrary. 
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Mrs. 

B.  (old). 

OBSERVER 

ARM. 

LEG. 

OBSERVER. 

ARM. 

LEO 

O.K.W.  , 

D^220 

240 

O.K.W. 

R   19.5 

195 

R'215 

235 

1 

M.F.      . . 

D  210 

205 

D  220 

240 

R   195 

195 

R  208 

210 

D  205 

205 

D  208 

210 

R   195 

198 

We  had  found  no  discrepancy  worth  noting  (considering  the  unavoidable 
roughness  of  the  index)  in  the  cases  of  high  pressure  we  had  examined  pre- 
viously, and  the  difference  between  Williamson's  results  and  ours  ob-viously 
lay  in  the  method.  He  had  taken  first  readings.  We  had  always  oscillated 
the  pressure  up  and  down,  and  taken  a  number  of  readings,  and  while 
doing  so  selected  the  reajjpearance  of  the  pulse  as  the  index. 

The  figures  show  that  the  obliteration  pressures  become  somewhat 
lower  and  approximate  to  equality  when  the  oscillation  method  is  employed. 
The  first  readings  show  distinct  differences.  The  results  suggest  that  keeping 
the  pressure  on  relaxes  the  arteries,  and  at  first  sight  this  seems  to  support 
the  theory  that  the  arterial  wall  of  a  contracted  artery  does  come  into  play 
by  its  resistance  to  compression.  It  seemed  to  us,  however,  that  the  differ- 
ence might  be  due  to  the  better  conductance  of  the  systolic  wave  by  an 
artery  which  is  somewhat  harder,  than  by  a  softer  one.  Also  the  figures 
seemed  to  show  that  the  synchronous  obliteration  of  the  two  large  arteries 
raised  the  aortic  pressure  at  first,  and  that  then  the  heart  might  be  quieted 
by  vagus  action,  and  the  pressure  lowered  somewhat. 

Up  to  this  point  we  had  never  found  any  difference  between  leg  and 
arm  readings  of  young  men  placed  in  the  horizontal  jDosition.  The  arteries 
of  the  legs  thicken  with  age,  and  have  stiffer  walls  than  those  of  the  arms 
owing  to  the  high  hydrostatic  pressure  of  the  blood  in  the  standing  posture, 
and  thus  we  should  exjject  the  difference  in  reading  to  appear  with  advancing 
age  if  it  were  due  to  better  conductance. 

Holtzmann,  acting  on  the  suggestion  of  one  of  us  (L.H.),  made  some 
independent  observations  of  a  similar  kind  and  like  result,  in  the  London 
Hospital.  He  also  tried  the  pressure  in  two  or  three  cases  of  aortic  regur- 
gitation, and  told  us  that  he  had  found  a  noticeable  difference  between  arm 
and  leg  reading  in  such. 

Following  up  this  interesting  observation  we  have  found  that  in  all 
cases  of  aortic  regurgitation  there  is  this  marked  difference,  which  is  not 
aboUshed  by  the  method  of  oscillating  the  pressure  up  and  down  near 
the  obhteration  pressure.  So  marked  is  this  difference  that  we  believe  we 
could  pick  out  the  cases  of  aortic  regurgitation  by  it  alone. 

/.     H.  S.  {male,  age  33),  aortic  case. 


AKM. 

D   130 


LEG. 
195 


//.     W.  H.  (male,  age  21),  aortic  and  mitral  disease. 


ARM. 

D  120 
R  U8 


LEG. 

136 
128 
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III.    T.  N.  {male,  age  51),  aortic  ami  mitral  disease. 

ARM.  LEG. 

D   150  200 

R   154  204 

/  V .     T .  (male,  young),  aortic  case 

.iRM.  LEG. 

D   160  240 

D   150  220 

R  140  160 

Right  arm  and  left  arm  gave  equal  pressures  of  140  mm.  Hg. 

V.  F.  (male,  age  27),  aortic  case,  fully  compensated  and  about  at  u-ork. 

ABM.  LEG. 

110  130  when  fresh  and  well. 

110  150  on  another  day.     BothlegsloO. 

110  170  when  tired. 

106  156  another  day. 

Maximal  pulsation  over  a  much  wider  area  in  leg  than  in  arm,  but  average  of  it  about  the 
same,  e.g.  75 — 85.     On  setting  pressure  in  armlet  at  100,  pressure  in  veins  of  arm  rose  to  100. 

VI.  Young  man,  aortic  case. 

&£M.  LEO. 

118  172 

]'  1 1.     W.  McS.  (male,  young),  aortic  case,  allowed  up  in  icard. 


VIII.     A. 


AKM. 

LEG. 

130 

122 

220 
208 

(dorsalis  pedis) 

118 
122 

172 
168 

(poster,  tibial) 

116 

116 

210 
190 

(dorsalis  pedis) 

(male. 

age 

22), 

aortic  case. 

ARM. 

LEG. 

136 

178 

first  reading  on  lying  down. 

later. 

when  confined  to  bed. 


abduction  of  arm  or  leg  (made 
no   difference). 


In  the  case  of  the  leg  measurements,  in  some  cases  great  variations 
occur  in  the  relative  size  of  the  dorsahs  pedis  and  the  posterior  tibial 
arteries.  The  larger  of  the  two  must  be  chosen  for  the  measurement  of  the 
index  ;  a  small  posterior  tibial  gives  a  considerably  lower  reading  than  a 
large  dorsalis  pedis.  We  tried  putting  the  hmbs  in  varj-ing  postures  to  test 
whether  the  systolic  wave  passed  into  the  leg  arteries  more  easily  with  the 
vessels  straight,  but  this  made  no  diiJerence  in  our  results.  As  these 
inequalities  occurred  in  young  men  with  soft  arteries,  and  were  not  abolished 
or  lessened  by  keeping  the  pressure  on,  they  seemed  to  us  to  be  due  to  the 
better  conductance  of  the  great  systolic  wave  by  the  leg  arteries,  which  were 
maintained  in  a  somewhat  contracted  state  in  order  to  secure  an  adequate 
blood  supply  to  the  brain. 
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To  test  this  hypothesis  we  conceived  and  carried  out  the  following 
experiments. 

I.  We  made  normal  young  men  take  the  violent  exercise  of  running 
up  and  down  stairs  several  times  and  immediately  after  took  the  readings 
in  the  horizontal  posture.  As  an  example  we  may  give  the  following 
instance  : — 

S.,  before  and  after  exercise. 

ARM. 

128 
168 
158 
158 
148 
142 
158 
130 
122 
108 

In  another  student  there  was  no  difference  while  resting,  and  one  of 
20  mm.  Hg.  after  exercise. 

The  pressures  in  both  his  arms  were  equal  before  and  after  exercise,  i.e., 
128  mm.  Hg.  before,  and  17S  mm.  Hg.  after.  The  results  showed  us  that  the 
big  slapping  systolic  wave  after  exercise  produced  in  normal  young  men  a 
temporary  difference  like  that  met  with  in  aortic  cases. 

In  a  very  emotional  student,  with  a  loud  hsemic  murmur,  and  nervous  of 
our  examination,  we  found  a  difference  before  any  exercise  was  taken. 

.^KM.  USO. 

13S  152 

II.  We  tested  the  effect  of  softening  the  arteries  locally  by  immersing 
the  limb  in  hot  water. 

A.  W.,  young  man. 


128 

before  exercise. 

240 

immediately  after  exorcise. 

220 

later. 

212 

210 

204 

132? 

.. 

118 

" 

110 

JT    ARM. 

LEFT    ARM. 

DIFFERENCE. 

CONDITION. 

128 

128 

0 

quiet. 

178 

178 

0 

after  stair  climbing. 

120 

124 

4 

right  hand  and  wTist  in 
hot  water,  left  in  iced 
water. 

170 

198 

28 

after  stair  climbing. 

The  difference  disappeared  as  the  heart  quieted  down. 

Onl}^  the  hand  and  wrist  were  put  in  the  hot  water,  and  the  flushing 
was  limited  to  these  parts.  It  might,  however,  be  objected  to  the  conclusive- 
ness of  this  experiment  that  the  brachial  artery  was  also  relaxed  reflexly 
by  putting  the  hand  in  hot  water.  We  disproved  this  by  repeating  the  hot 
water  experiment,  and  taking  the  systolic  index  in  both  the  radial  and  the 
brachial  at  the  elbow  of  one  arm.  The  systolic  index  disappears  in  the  radial 
softened  by  heat  before  it  does  in  the  brachial,  and  this  is  particularly  the 
case  when  the  systolic  crest  is  augmented  by  exercise. 
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If  the  elbow  be  heated  locally  the  systolic  index  is  still  equal  in  both 
radial  and  brachial,  but  is  at  a  lower  level  than  before,  as  the  conductance  is 
damped  down  in  the  softened  brachial.  This  is  a  most  convincing  proof  that 
it  is  the  conductance  of  the  pulse  wave,  and  not  the  resistance  of  the  artery 
to  compression  that  is  at  the  bottom  of  the  phenomena  we  have  been 
considering. 

A.  W.,  young  man. 


BRACHIAL. 

RADIAL. 

;  Arm 

110 

110 

quiet. 

160 

160 

after  stair  climbing. 

140 

136 

after  hand  in  hot  water 
118°  F.,  radial  feels 
mucli  softer. 

150 

130 

hand  in  hot  water  and 
after  chmbing  stairs 

152 

130 

hand  bandaged  firmly. 

126 

lU 

hand  cooling. 

Arm 

112 

112 

quiet. 

158 

158 

after  stair  climbing. 

134 

134 

after  elbow  in  hot  water 
and  stair  climbing. 

W.  M.,  yoking  man  ;  athlete  :   standing. 

Right  Arm 


ICHIAL. 

R.4DI.\L. 

138 

138 

quiet. 

138 

126 

after  hand  and  wrist  in 
hot  water  118"  F. 

137 

137 

quiet. 

126 

126 

after  elbow  in  hot 
water   118"  F. 

124 

124 

„                  „ 

126 

126 

,. 

A.  W.,  young  man. 


LEI-r    ARM. 

RIOHT    LEO. 

124 

124 

quiet. 

120 

120 

110 

120 

after  hand   and   wrist 
in  hot  water. 

110 

130 

»»                  »f 

104 

124 

»»                  »» 

110 

120 

" 

LEFT    ABM. 

RIGHT    ARM. 

150 
150 

190 
170 

after  left  hand  in  hot 
water,  and  stair 
climbing. 

later*. 

*  The  pressure  in  the  arteries  of  the  right  arm  and  right  leg  were  then  almost  equal. 

We  next  sought  to  lessen  the  difference  in  aortic  cases  by  a  hot  water 
foot  bath,  and  succeeded  in  doing  so. 
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F.,  young  man  :  compeyiaated  aortic  case. 

First  observation. 


ABM. 

110 
110 
110 


LEG. 
170 

140 
160-170 


quiet. 

after  foot  in  hot  water. 

foot  cooled  bv  cold  water. 


Second  observation  on  another  day. 


M.,  young  man 


AHM. 

LEO. 

110 

150 

quiet. 

lOHT   UEG. 

LEFT    LEO. 

150 

150 

170 

170 

reading     raised     after 
keeping  pressure  on. 

130-150 

80-90 

after  keeping  left  foot 
in    liot    water    for 
some  minutes. 

aortic  case. 

LEG. 

ARM. 

208 

122 

quiet. 

208 

122 

,, 

152 

120 

after  foot  in  hot  water. 

162 

120 

later,   foot   cooling. 

D   140 

122 

after  foot  in  liot  water. 

R   13S 

lis 

170 

120 

after    pouring    cold  water 
on  foot,  but  foot  flushed. 

162* 

120 

later. 

158 

120 

The  right  leg  gave  190. 


In  this  patient  the  dorsalis  pedis  was  the  larger  in  the  left  foot,  and  the 
posterior  tibial  in  the  right  foot.  There  was  a  difTerence  of  18  mm.  Hg. 
between  the  small  posterior  tibial  and  the  large  dorsalis  pedis  of  the  left  foot. 

In  the  case  of  one  elderly  man  with  chronic  Bright's  disease,  and  a 
very  high  blood  pressure,  we  found  the  leg  reading  20  mm.  higher  than 
the  arm  ;  and  this  difiference  was  not  abolished  by  keeping  the  pressure  on 
and  was  only  lessened  a  little  b}^  jiutting  the  foot  in  hot  water.  The  foot 
flushed  but  little  in  comparison  with  that  of  a  young  man. 


ABM. 

240-250 


LEO. 

270 
264 


after  foot  in  hot  water. 


In  another  case  (aged  69),  with  aortic  aneurysm  and  pressure  of  210  mm. 
there  was  no  alteration  after  placing  the  hand  in  hot  water. 
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Conclusions. 

The  conclusions  we  draw  from  these  experiments  are  as  follows  : — 

1.  We  have  no  evidence  that  the  resistance  of  the  arterial  wall  to 
compression  affects  the  systolic  index  of  blood  pressure. 

2.  The  relative  softness  or  hardness  of  the  arterial  wall  affects  the  con- 
ductance of  the  systohc  wave  markedly,  and  so  modifies  the  readings.  This 
is  particularly  the  case  when  the  systolic  wave  is  a  large  one. 

3.  The  arm  and  leg  readings  are  the  same  in  young  men  when  quiet  and 
in  the  horizontal  posture.  They  differ  by  the  hydrostatic  pressure  of  the 
column  of  blood  which  separates  the  points  of  measurement  in  the  standing 
or  inverted  posture.  We  have  shown  that  in  the  vertical  postures  the  leg 
pressure  varies  greatly,  while  the  arm  pressure  is  kept  about  the  same  by 
the  mechanism  which  compensates  for  the  influence  of  gravity  on  the 
pressure  of  the  blood  in  the  left  ventricle  and  cerebral  arteries". 

4.  The  arm  and  leg  readings  differ  after  the  violent  exercise  of  stair 
climbing  and  in  aortic  cases  because  the  big  systoUc  waves  are  conducted 
better  down  the  leg  arteries — these  being  slightly  thicker  or  more  contracted 
and  rigid. 

5.  A  difference  between  arm  and  leg  readings  is  most  marked  in  all 
cases  of  aortic  regurgitation,  and  when  such  patients  are  lying  quiet  in  bed 
this  difference  is  a  diagnostic  sign  of  aortic  regurgitation. 

6.  The  difference  can  be  brought  out  in  normal  young  men  by  softening 
the  arteries  locally  by  placing  either  the  hand  or  foot  in  hot  water.  The 
experiments  with  hot  water  prove  that  the  difference  is  due  to  conductance 
of  the  systolic  wave.  The  difference  so  called  out  is  made  much  greater  by 
increasing  the  amphtude  of  the  systolic  wave  by  exercise.  Hot  w  ater  makes 
little  difference  in  the  case  of  some  old  men  with  high  pressures  ;  their 
arteries  do  not  soften. 

7.  The  difference  may  be  found  in  the  case  of  old  folk  with  degenerate 
arteries  and  high  pressure,  at  the  first  reading,  but  is  abolished  in  almost 
every  case  by  keeping  the  pressure  of  the  armlet  on.  For  this  relaxes  the  leg 
arteries  and  reflexly  lessens  the  force  of  the  systole,  and  so  lessens  the 
difference  in  the  conductance  of  the  wave. 

8.  In  reading  systolic  pressures  there  are  two  factors  to  take  into  account, 
(1)  the  actual  maximal  pressure  of  the  cardiac  output ;  (2)  the  conduct- 
ance of  the  pressure  wave  by  the  artery.  The  force  of  the  wave  is  damped 
down  in  soft  arteries,  as  sound  waves  are  damped  by  velvet. 

9.  Blood  pressure  readings  should  be  taken,  therefore,  under  uniform 
conditions  with  patients  lying  horizontally,  not  emotionally  excited,  not 
after  exercise,  not  after  taking  hot  food,  tea,  coffee,  or  alcohol,  not  after  the 
hand  and  wrist  have  been  warmed  or  chilled.     Comparatively  synchronous 
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readings  of  hand  and  foot  arteries,  the  effect  on  the  readings  of  oscillating 
the  pressure  up  and  down,  and  the  effect  of  local  heat  gives  information  as 
to  the  state  of  the  arteries,  the  value  of  which  will  grow  with  extended  clinical 
observation. 
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THE     REGULAR     OCCURRENCE    OF    INTERPOLATED 
EXTRASYSTOLES. 
By  E.   E.  LASLETT. 

(mill.) 

A  VENTRICULAR  extrasj'stole  is  usually  followed  by  the  so-called  compensa- 
tory pause.  In  1889,  however,  Wenckebach'  pointed  out  that  ventricular 
extrasystoles  may  be  interpolated  between  normal  rhythmic  beats  of  sinus 
origin,  and  the  compensatory  pause  is  then  absent.  He  gave  the  following 
exjilanation.  When  the  heart  is  beating  infrequentl}-,  and  the  refractory 
phases  of  the  ventricle  are  relatively  far  apart,  it  is  possible  for  the  extra- 
systole  to  fall  in  such  a  way  that  the  excitability  and  contractility  of  the 
heart-muscle  have  partially  recovered  when  the  next  physiological  stimulus 
arrives  ;  as  a  consequence  the  contraction  following  the  extrasystole  does 
not  fail,  and  the  compensatory  pause  is  absent.  His  conclusions  were  drawn 
from  radial  curves.  In  1903,  Trendelenburg'',  using  the  suspended  frog's 
heart,  cooled  the  sinus  and  i^roduced  slowing  of  the  heart  rate.  By  stimula- 
ting the  ventricle  he  was  able  to  jjroduce  interpolation  of  the  resulting 
extrasystole.  In  the  same  year,  Pan^  described  further  instances  of 
interpolation  in  the  human  subject,  accompanying  slow  sinus  rhythm. 
His  curves  show  numerous  extrasystoles,  some  of  which  are  followed  by  a 
compensatory  pause,  and  some  of  which  are  interpolated.  In  1905,  Hering' 
and  Rihl'  wrote  upon  this  subject.  The  former  stated  that  instances  of 
interpolation  had  been  observed  in  man  at  normal  pulse  rates,  but  that 
usually  the  pulse  rate  is  slow,  and  that  the  interpolated  extra-beat  occurs 
early  in  diastole.  Rihl  gave  tracings  sho\\ing  the  interpolation  jjroduced 
experimentally  in  the  mammalian  heart.  Venous  tracings  have  been 
published  by  Pan^  and  more  recently  by  Mackenzie".  The  former  observed 
interijolated  extrasystoles  occurring  after  every  single  and  after  every 
second  normal  beat. 

I  have  at  present  under  my  care  a  patient  suffering  from  mitral  stenosis, 
in  whom  this  form  of  extrasj-stole  has  been  not  only  of  frequent  occurrence, 
but  has  also  appeared  at  regular  short  intervals  during  comparatively  long 
periods.  The  patient  is  a  married  woman,  aged  40,  who  has  never  been 
pregnant.  She  has  had  two  attacks  of  chorea,  the  first  at  20  years  of  age. 
At  the  present  time  her  chief  symptoms  are  palpitation,  dysi^noea  on  the 
slightest  exertion,  some  degree  of  cyanosis,  and  slight  oedema  of  the  feet. 
The  heart  is  somewhat  enlarged  to  the  right.  Occasionally  there  is  a 
presystolic  murmur,  but  more  usually  a  systoHc  murmur  \\ith  a  loud  first 
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sound  at  the  apex.  The  liver  is  enlarged  and  pulsatile,  and  there  is  marked 
tenderness  on  pressure  over  it.  The  curve  of  the  pulsation  is  of  the  auricular 
type  (Fig.  1).  The  pulse  is  small,  and,  when  the  patient  is  at  rest,  rather  slow 
(GO  to  70).  On  many  different  occasions  the  pulse  has  shown  numerous 
intermissions,  due  occasionally  to  auricular,  but  much  more  commonly  to 
ventricular,  extras3^stoles  of  the  usual  tyi^e.  At  tin-es  there  have  been  long 
series  of  interpolated  extrasystoles  occurring  regularly  after  every  third 
normal  beat.  I  have  observed  this  rhythm  present  for  2  minutes  without  a 
break.     On  one  occasion  it  persisted  almost  continuously  for  several  day.s 


Fig.  1.  Simultaneous  tracing  of  the  liver  and  radial  pulaea.  Commencement  of  a  series 
of  interpolated  extrasystoles.  The  A  interval  is  much  increased  after  the  interi»lation. 
(D.,  22nd  December,  1908.) 


Fig.  2.  Simultaneous  tracing  of  the  jugular  and  radial  pulses.  Portion  of  a  long  tracing  during 
which  an  interpolation  occurred  after  every  tliird  normal  beat.  The  a-c  interval, 
after  the  extrasystole,  is  about  f  sec.     (D.,  Gth  October,  1908.) 


Fig.  3.  Simultaneous  tracings  of  the  jugular  and  radial  pulses.  An  extrasystole  occurs  after 
every  tliird  normal  beat.  In  the  t%vo  instances  in  which  there  is  a  compensatory  pause 
the  extrasystole  occurs  nearly  ^^  sec.  later  than  the  interpolated  beat.    (D.,  0th  October,1908.) 
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(Fig.  2).  Occasionally  the  extrasystole  is  followed  by  a  compensatory 
pause,  and  in  some  such  instances,  as  Dr.  Mackenzie  has  pointed  out  to  me, 
the  premature  beat  occurs  sHghtly  later  than  usual  (Fig.  3). 

In  this  patient  there  appears  to  be  a  great  tendency  towards  the  regular 
appearance  of  extrasystoles,  whether  followed  by  a  compensatory  pause  or 
not.  The  most  common  type  is  an  extrasystole  with  a  pause  after  ev^ery 
second  normal  beat.  If  we  take  into  consideration  the  missed  ventricular 
beat  which  gives  rise  to  the  compensatory  pause  it  is  clear  that  the  extra- 
systole appears  after  every  third  physiological  stimulus,  that  is  to  say,  with 
the  same  frequency  as  in  the  interpolated  series.  When  the  interpolations 
are  less  regular  in  their  appearance  there  are,  every  now  and  then,  short 
periods  during  which  they  appear  with  their  usual  frequency  after  every 
third  normal  beat.  Sometimes  again,  the  interpolations  appear  after  every 
sixth  beat,  and  in  correspondence  with  this  it  is  common  for  extrasystoles 
followed  by  a  pause  to  apjsear  after  every  fifth  normal  beat,  that  is,  counting 
the  missed  beat,  after  every  sixth  physiological  interval.  It  is  thus  evident 
that  the  extra-stimulus  tends  to  appear  after  every  third  or  every  sixth 
normal  stimulus  interval  ;  in  some  instances  the  following  normal  beat 
fails,  in  some  it  does  not. 

In  his  cases  of  interpolated  extrasystoles  Mackenzie"  found  a  pro- 
longation of  the  a-c  interval  following  the  extrasystole.  In  the  present  case 
it  is  evident  from  the  figures  that  the  a-c  interval,  after  the  interpolation,  is 
markedly  increased,  being  equal  to  two-fifths  of  a  second.  This  defective 
conductivity  does  not  appear  to  be  the  rule,  and  in  this  connection  it  may 
be  mentioned  that  in  tracings  from  a  patient  of  advanced  age  under  my 
care,  in  whom  interpolated  extrasystoles  occurred  after  every  fourth  normal 
beat,  the  prolongation  of  the  a-c  interval  following  the  interpolation  was  much 
less  marked,  and  in  some  instances  it  was  scarcely  demonstrable.  As  there  is  a 
rheumatic  history  in  the  present  case  it  is  possible  that  there  may  be  damage  to 
the  A-V  bundle,  which  may,  to  some  extent,  account  for  the  defective  con- 
ductivity after  the  extrasystole  ;  for  the  possible  influence  of  retrograde 
conduction  from  the  point  of  origin  of  the  extra-stimulus,  upon  the  A-V 
bundle,  must  be  borne  in  mind.  The  prolongation  of  the  a-c  interval  is 
clearly  connected  with  the  occurrence  of  an  extrasystole  which  is  not 
followed  by  a  compensatory  pause,  but  in  the  present  state  of  knowledge 
the  precise  significance  of  this  factor  in  relation  to  the  origin  of  the  com- 
I^ensatory  jDause  is  not  apparent.  Further  facts  are  necessary  before  a 
completely  satisfactory  explanation  is  forthcoming. 


CONCLUSIOXS. 

1.     Interpolated  extrasystoles  may  occur  at  regular  intervals  just  as 
do  those  followed  by  a  pause. 
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2.  There  is,  in  the  case  considered,  marked  prolongation  of  the  a-c 
interval  following  the  interpolated  extrasystole.  This,  however,  does  not 
appear  to  be  the  rule,  and  the  exact  significance  of  this  factor  with  regard 
to  the  origin  of  the  compensatory  pause  is  not  at  present  clear. 
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THE  RATE  OF  BLOOD  FLOW  IX  THE  ARM. 

By    A.    W.    HEWLETT    and    J.    G.    VAN     ZWALUWENBURG. 
( Department  of  Internal  Medicine,    University  of  Michigan.) 

In  1907,  T.  G.  Brodie'  described  a  new  method  for  determining  the 
Tiite  of  blood  flow  through  an  organ.  The  latter  was  placed  in  an  oncometer 
which  was  connected  with  a  volume  recorder,  its  efferent  vein  was  suddenly 
occluded,  and  its  changes  in  volume  recorded.  The  progressive  swelling 
of  the  organ  represented  the  rate  at  which  the  arterial  blood  entered.  At 
first  this  was  comparatively  rapid,  but  gradually  it  became  slower  and 
slower,  owing  to  the  rise  of  pressure  in  the  veins,  capillaries,  and  surrounding 
tissues.  The  first  portion  of  such  a  record  represents  the  normal  rate  of 
arterial  inflow-.  Brodie  believed  that  this  method  gave  as  reliable  results  as 
the  Stromuhr,  but  that  it  was  only  applicable  to  organs  from  which  all  tlie 
efferent  blood  could  be  collected  by  a  single  vein. 

We  have  attempted  to  apply  the  Brodie  principle  to  the  arm  of  man''. 
The  arm  is  placed  in  an  ordinary  plethysmograph,  and  changes  of  volume  are 
recorded  by  a  volume  recorder.  The  details  of  the  apparatus  are  shown 
in  Fig.  1.  After  making  certain  that  the  apparatus  does  not  leak,  a  pressure 
cuff,  similar  to  that  used  in  determining  the  arterial  pressure  b}-  the  Riva- 
Rocci  method,  is  placed  about  the  arm  above  the  j^lethysmograph,  and  a 
pressure  is  applied,  which  is  well  above  the  venous  pressure  and,  at  the 
same  time,  well  below  the  diastolic  arterial  pressure.  It  is  assumed  that 
such  a  pressure  occludes  the  veins  but  leaves  the  arteries  open,  and  that 
the  resulting  changes  in  the  volume  of  the  arm,  for  a  time  at  least,  represent 
the  rate  at  which  the  arterial  blood  enters.  Under  proper  conditions  this 
rate  of  inflow  remains  approximately  constant  until  a  certain  amount  of 
blood  has  entered  ;  after  which  the  swelling  jjroceeds  less  rajiidly,  in  some 
instances  because  blood  begins  to  escaj^e  beneath  the  pressure  cuff,  in 
others  because  the  inflow  is  impeded  by  the  increasing  pressure  in  the 
veins,  capillaries,  or  tissues. 

In  order  to  obtain  satisfactory  records  by  this  method,  certain  technical 
details  must  be  observed.  In  the  first  place,  the  curves  are  often  marred  by 
respiratory  movements.  These  are  mainly,  if  not  altogether,  due  to  the 
mechanical  thrust  or  pull  of  the  arm  in  the  plethysmograph,  caused  by 
respirations,  and  are  diminished  or  avoided  by  changing  the  position  of 
the  latter,  if  necessary  swinging  it  from  above.  In  the  second  place,  the 
pressure  in  the  cuff  must  be  aj^plied  verj'  suddenly  in  order  that  the  veins 
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may  be  occluded  from  the  start.  This  is  accomplished  by  connecting  the 
cuff  with  a  large  bottle  in  which  tlie  pressure  has  been  previously  raised  above 
that  desired  for  the  cuff.  When  the  stop-cock  between  the  two  is  opened, 
the  pressure  is  applied  to  the  arm  almost  instantaneously.  In  the  third 
place,  the  application  of  the  pressure  is  often  followed  by  an  immediate 
change  in  the  volume  of  the  arm  within  the  plethysmograph.  In  some 
instances  there  is  a  shrinkage  due  to  a  drawing  of  the  tissues  out  of  the 


Fig.  1.  Diagram  of  apparatus  for  determining  the  rate  of  blood  flow  through  the  arm.  The 
arm  is  placed  in  the  plethysmograph,  P,  the  opening  of  which  is  closed  by  a  piece  of 
rubber  dam,  D,  and  the  connection  with  the  skin  made  tight  with  soap-suds.  The  narrow 
pressure  cuff,  C,  is  placed  around  the  arm  about  3  cm.  above  the  opening  into  the  plethys- 
mograph. The  pressure  cuff  is  inflated  by  opening  the  stop-cock  connecting  it  with  the 
large  bottle.  A,  in  which  the  pressure  has  pre\-iously  been  raised  by  the  rubber  bulb,  B. 
Pressures  are  read  by  the  spring  msinometer,  M.  The  plethysmograph  is  connected  with  the 
volume  recorder,  V,  which  writes  upon  a  moving  drum.  Air  can  be  let  out  of  the  system 
by  the  stop-cock,  X,  and  water  can  be  introduced  from  the  burette,  Y,  so  that  the  writing 
point  of  the  volume  recorder  can  be  adjusted  at  will.  The  stop-cock,  Z,  serves  to  disconnect 
the  plethysmograph  from  the  recording  apparatus  during  adjustments  of  the  former.  The 
recording  apparatus  is  graduated  by  allowing  5  cc.  of  fluid  at  a  time  to  flow  in  from  the 
burette,  and  marking  the  elevation  of  the  volume  recorder  thus  produced. 


plethysmograph  by  the  tightening  of  the  cuff.  In  other  instances  there  is 
a  swelling  due  to  the  crowding  of  the  tissues  or  tissue  fluids  into  the  plethys- 
mograph. This  last  was  especially  troublesome  when  a  12  cm.  cuff  was  used 
and  deformed  the  curves  so  much  that  we  finally  came  to  use  a  narrow 
3  cm.  cuff,  placed  about  3  cm.  from  the  membrane  covering  the  end  of  the 
plethysmograph.  Under  any  circumstances  the  first  portion  of  the  curve 
is  apt  to  be  deformed  to  some  extent  by  the  sudden  application  of  pressure, 
and    the    first    few    centimeters    of    change    in    the  arm  volume  is  to  be 
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disregarded  should  it  fail  to  tally  with  the  later  swelling.  Finally,  it  is 
important  that  the  inflow  of  arterial  blood  should  not  be  checked  too  soon 
by  the  rise  of  pressure  in  the  veins  and  capillaries,  else  the  rate  of  arm 
swelling  begins  to  diminish  almost  from  the  start,  and  it  is  difficult  to  say 
what  is  the  normal  rate  of  unimpeded  inflow.  It  was  found  that  this  retar- 
dation could  be  greatly  delayed  if  the  arm  were  slightly  elevated  above  the 
horizontal.  Under  these  circumstances  the  veins  are  partially  emptied, 
and  a  reservoir  is  created  for  the  accommodation  of  new  blood.  Fifteen  to 
twenty  cubic  centimeters  will  often  enter  without  a  retardation  greater 
than  20  per  cent,  of  the  original  inflow. 

The  general  accuracy  of  this  method  depends  mainly  upon  the  answer 
to  the  cpiestion — Are  the  veins  occluded  and  the  arteries  left  open  bj'  the 
pressure  cuff  ?  As  has  been  said  this  is  accomplished  theoreticalh%  jarovided 
the  pressure  in  the  cuff  is  above  the  highest  venous  pressure  and  below  the 
lowest  arterial  pressure.  A  series  of  different  pressures  lying  between 
these  two  points  should  cause  the  same  changes  in  the  volume  of  the  arm  ; 
whereas,  if  the  veins  are  only  partly  closed,  or  the  arteries  not  completely 
left  open,  a  variation  in  the  pressure  applied  should  modifj^  the  course 
of  the  swelling.  As  a  matter  of  fact  it  was  found  that  within  certain  limits 
the  pressure  applied  by  the  cuff  made  no  difference  in  the  rate  of  arm 
swelling.  For  example,  in  Fig.  2  the  curves  obtained  with  pressures  of 
SO,  70,  and  60  mm.  mercury  are  all  parallel,  while  those  \^ith  lower  pressures 
are  parallel  to  a  certain  point,  when  the  curve  begins  to  fall  off  owing  to  the 
rise  of  venous  pressure  and  the  consequent  escape  of  blood  beneath  the 
pressure  cuff.  We  believe  that  in  all  of  these  curves  the  arteries  were  wide 
open,  and  the  veins  closed  for  a  time  at  least.  In  our  observations  two, 
and  usually  three  or  four  records  were  taken  at  different  pressures  in  the 
cuff,  most  frequently  between  40  and  70  mm.,  and  unless  the  curves  obtained 
at  different  pressures  were  substantially  parallel  the  records  were  rejected. 
The  time  was  marked  in  seconds,  and  the  record  graduated  each  time  by 
clamping  off  the  plethysmograph  and  allowing  5  cc.  of  water  at  a 
time  to  run  into  the  bottle  from  the  burette.  The  spaces  between  the 
parallel  horizontal  lines,  therefore,  represent  5  cc.  of  arm  swelling.  The 
volume  of  the  arm  within  the  plethysmograph  was  then  measured,  and 
the  rate  of  inflow  for  each  5  cc.  was  calculated  in  terms  of  the  number 
of  centimeters  of  blood  ^^hich  entered  each  hundred  cubic  centimeters  of 
arm  substance  in  one  minute.  AjDplying  this  method  of  calculation  to  Fig.  2, 
we  obtained  the  following  table  : — 


Pressure  in  Rate  of  Inflow  per  100  cc.  arm  substance  per  minute. 

Cuff.  First  5  ec.  Second  5  cc.  Third  5  cc. 

80                             96  cc.  9-2  cc.  8-7  cc. 

80                             9-2  cc.  8-7  cc.  78  cc. 

70                             9-7  cc.  9-2  cc.  S-7  cc. 

CO                             9-6  cc.  8-7  cc.  76  cc. 

42                             9-6  cc.  8-2  cc. 
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A  glance  at  this  table  shows  the  substantial  agreement  between  the 
figures  obtained  at  different  pressures  in  the  cuff.  It  sho«s,  furthermore,  the 
tendency  of  the  blood  to  enter  at  diminishing  rates  as  the  vessels  become 
distended.  Indeed,  this  tendency  introduced  so  large  an  error  with  the 
fourth  5  cc.  that  these  were  omitted  from  the  calculations.  The  cause 
of  this  gradually  lessening  rate  at  which  the  arm  swells,  when  high  pressures 
are  applied,  is  due  mainly  to  the  accumulation  of  blood  in  the  vessels. 
We  disregarded  this  slowing  of  the  inflow  provided  it  fell  within  15  to 
20  per  cent,  of  the  rate  at  which  the  first  5  ec.  entered. 

Fig.  3  represents  in  graphic  form  the  rates  of  flow  in  the  arms  of  normal 
and  pathological  individuals.  The  majority  of  these  showed  a  rate  between 
2  and  4  cm.  of  blood  flow  per  100  cc.  of  arm  substance  per  minute.  Those 
below  the  base  line  represent  the  flow  in  a  group  of  normal  young  individuals. 
With  one  exception  these  all  showed  a  rate  of  about  3  cc.  per  100  cc. 
per  minute.  Our  figures  agree  fairly  closely  with  those  of  Tschuewskj", 
who  used  the  Stromuhr  on  the  legs  of  dogs,  and  obtained  inflows  averaging 
3-25  cc.  per  100  cc.  of  leg  substance  per  minute,  and  varj-ing  between 
1-93  cc.  and  4-77  cc.  under  normal  conditions,  but  increasing  to  as  much 
as  11-S  cc.  after  cutting  the  nerves,  and  6-89  cc.  after  a  brief  obstruction 
of  the  arter\'. 

As  might  be  expected,  the  rate  of  inflow  varies  greatly  in  a  given 
individual  under  different  circumstances.  In  some  persons,  especiaUj' 
those  who  show  dermatographia  and  flush  easily,  there  is  often  a  continual 
change  in  the  rate  of  inflow.  This  may  manifest  itself  on  a  single  record  or 
on  succeeding  records.  In  such  instances  the  Traube-Hcring  vasomotor 
waves  are  usually  well  marked.  For  example,  in  one  individual  the 
rates  of  inflow  on  two  successive  records  were  as  follows  : — 


Pressure. 

First  o  cc. 

Second  5  cc. 

Third  5  cc. 

Fourth  .1  cc. 

60 

2"  cc. 

4-0  cc. 

4-1  cc. 

4-8  cc. 

(!0 

43  cc. 

4-9  cc. 

2-4  cc. 

2"1  vc 

These  variations,  which  amounted  to  100  per  cent.,  were  evidently 
due  to  the  marked  vasomotor  instability,  as  was  shown  by  the  large  vaso- 
motor waves  obtained  in  the  ordinary  plethysmographic  tracing  taken 
from  him. 

Exercise  of  the  forearm  within  the  jilethysmograph  is  followed  by  a 
verj'  marked  acceleration  of  the  blood  flow  (Fig.  4).  That  this  is  a  local 
effect  for  the  most  part,  is  shown  by  comparing  it  with  the  flow  observed 
when  the  opposite  forearm  is  correspondingly  exercised. 

Table  showing  the  effect  of  exercise. 


No.  of  Experiment 
Rate  before  exercise 

(1) 
1-S  cc. 

(2) 
2-3  cc. 

(3) 
2-4  cc. 

(4) 
2-6  cc. 

(5) 
3o  ec. 

Rate  after  exercise  of  same 

4-5  cc. 

So  cc. 

7"1   cc. 

S-1  cc. 

27-3  cc. 

£ind  of  opposite  arm 

3-9  cc. 

2-3  cc. 

3-9  cc. 
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It  will  be  seen  from  this  table  that  whereas  exercise  of  the  arm  opposite 
to  that  within  the  plethysmograph  produced  little  or  no  acceleration  of  the 
blood  flow,  exercise  of  the  arm  that  is  within  the  plethysmograph  caused  a 
most  decided  acceleration,  amounting  to  from  three  to  eight  times  the  normal 
rate  of  flow.  This  acceleration  passes  oil  fairly  rapidly  after  cessation 
of  the  exercise,  though  the  normal  rate  is  not  reached  for  some  minutes. 
Successive  determinations  of  the  rate  after  exercise  in  No.  4  gave  8-1  cc, 
5-8  cc,  and  4-1  cc.  In  No.  5  they  gave  27-3  cc,  190  cc,  and  10-4  cc. 
Our  observations  on  the  effect  of  exercise  upon  the  local  rate  of  blood  flow 
correspond  with  those  obtained  experimentally  by  Chaiiveau  and  Kaufmann'-, 
who  collected  the  blood  coming  from  the  "  releveur  propre  de  la  levre 
superieure"  of  the  horse,  and  found  that  during  the  act  of  voluntarj'  chewing 
the  flow  was  increased  from  four  to  nine  times  the  flow  during  rest.  They 
greatly  exceed  the  changes  during  or  following  interrupted  or  continuous 
faradic  stimulation  of  the  cut  nerves  leading  to  the  muscle"*.  As  Tschuewskj' 
suggests,  this  difference  may  be  due  to  a  vasodilator  action  accompanying 
voluntary  innervation  of  the  muscles. 


Fig.  4.  X  i  linear.  Tracings  showing  the  effect  of  exercise.  The  first  four  were  taken  during 
rest,  the  following  ones  at  short  intervals  after  resistance  exercises  of  the  hand  within  the 
cylinder. 


The  effect  of  the  local  application  of  heat  upon  the  flow  of  blood  through 
the  arm  was  tested  in  several  instances,  by  thrusting  the  arm  into  very  hot 
water,  and  then  taking  the  rate  of  flow  as  soon  after  as  the  apj^aratus  could 
be  applied.  It  was  found  that  the  arm,  which  had  jiresumably  become 
swollen  in  the  hot  water,  began  to  shrink  almost  immediately  after  being 
taken  out,  so  that  it  was  difficult  to  say  how  much  conditions  had  changed  by 
the  time  the  records  were  taken.  A  moderate  increase  in  rate  was  usually 
found.  Thus,  in  one  individual  the  rate  before  thrusting  the  arm  in  hot 
water  was  3-7  cc.  per  100  cc.  of  arm  substance  per  minute,  while  the  readings 
taken  immediately  after  were,  5-9  cc,  5-7  cc.  and  4-7  cc.  In  another 
individual  the  rate  before  was  30  cc,  and  after  was  5-0  cc. 

The  application  of  heat  to  the  body  as  a  whole  is  a  more  effective  and 
certain  method  of  increasing  the  rate  of  flow  through  the  arm  (Fig.  5).    The 
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most  striking  results  were  obtained  in  an  individual  who  was  placed  in  a 
very  hot  tub  bath,  and  left  there  about  10  minutes,  at  which  time  he  began 
to  complain  of  a  sense  of  fulness  in  the  head.  Previous  to  the  bath  his  arm 
rate  had  been  31  cc.  of  blood  per  100  cc.  of  arm  substance  per  minute. 
Subseriuent  to  the  bath,  with  a  body  temperature  of  103-8°,  his  rate  was 
15-6  cc.  Still  later,  after  his  temperature  had  fallen  to  101-2°,  the  rate 
was  13-6  cc.     This   patient    showed  no  effects  of  the  application  of  heat, 


Fig.  5.      X  3  linear.    Tracings  showing  the  effect  of  a  hot  bath.    Series 
bath  ;    series  "  No.  92  "  after  the  bath. 


'  Xo.  90  "  taken  before  the 


other  than  a  feeling  of  fulness  in  the  head,  profuse  perspiration,  and  a 
general  feeling  of  warmth.  We  are  inclined  to  believe  that  similar  accelera- 
tions in  the  peripheral  circulation  are  by  no  means  uncommon  during 
hydrotherapeutic  procedures,  where  much  heat  is  added  to  the  body.  In 
another  individual,  after  moderately  fast  walking  on  a  hot  day,  and  after 
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a  rest  of  about  15  minutes  without  cooling,  the  rate  of  flow  through  the 
arm  was  6-45  ce.  per  100  cc.  of  arm  substance  per  minute,  while  after 
cooling  it  fell  to  2-6  cc.  Still  another  individual  showed  a  rate  of  6-8  cc. 
on  a  hot  day,  and  this  fell  to  4-6  cc.  after  cooling. 

The  variations  in  the  rate  of  blood  flow  through  the  arm  of  a  given 
individual  can  be  approached  in  another  way,  viz.,  by  comparing  the  rates 
obtained  at  different  times  on  the  same  individual.  Our  results  are 
tabulated  below  : — 

Table  showixg,  ix  vertical  colttmns,  the  varl\tion  in  eleven  rN"Di\aDUALS 

FROM    TIME    TO    TIME. 

Observation  Xo.       ..      (1)  (2)         (3)  (4)         (5)         (6)         (7)         (8)         (9)       (10)       (11) 

1-2  1-9        2-0  3-2        3-2        32        So        52        5-4        54        9-5 

1-5  2-9        2-2  3-4        38        49        54      120        58        7-5      110 

2-7                      3-2  ISO 
31 

It  will  be  seen  that  variations  of  50  per  cent,  are  not  uncommon,  while 
variations  of  100  per  cent.,  or  even  more,  may  occur.  Some  of  these  varia- 
tions are  to  be  explained  by  changes  in  the  condition  of  the  individual. 
For  example,  No.  11  was  a  patient  with  exophthalmic  goitre,  who  came 
to  the  hospital  with  a  rate  of  18  cc.  per  100  cc.  of  arm  substance  per  minute. 
After  rest  in  bed,  with  medical  treatment,  this  fell  to  11-0  cc,  and  after 
removal  of  a  part  of  the  thyroid  gland  it  was  found  to  be  9-5  cc.  Nos.  8 
and  10  were  pronounced  neurasthenics,  with  labile  vasomotor  sj'stems. 
It  is  difficult  to  explain  many  of  the  other  variations,  for  the  patients  were 
at  rest,  though  it  seems  not  unlikely  to  us  that  temperature  and  humidity 
may  have  exercised  a  considerable  influence,  the  rate  being  faster  on  warm 
days.  Indeed,  any  condition  which  necessitates  increased  elimination  of 
heat  from  the  body,  such  as  a  large  meal,  exercise,  or  excitement,  would 
probably  lead  to  variations  in  the  peripheral  blood  flow.  Such  uncontrol- 
lable variations  introduce  a  serious  source  of  error  when  one  tries  to  compare 
the  rates  in  difl'erent  individuals,  or  in  the  same  individual,  under  varying 
circumstances. 

Our  observations  on  the  blood  flow  in  the  arms  of  different  individuals 
are  tabulated  in  Fig.  3.  They  are  arranged  according  to  the  rate  of  flow. 
The  normal  individuals  are  placed  below  the  base  line.  The  symbols  within 
certain  squares  denote  certain  pathological  conditions.  Patients  with 
chronic  nephritis,  designated  by  L^^j,  interested  us  on  account  of  the  possi- 
bihty  of  finding  some  relation  between  the  rate  of  flow  and  the  high  blood 
pressure.  Our  findings  in  this  class  of  patients  are  given  in  the  following 
table  : — 

Table  showing  rates  in  CHRO^^c  NT:rHRiTis. 


No.  of  observation 

•      (1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

(9) 

Age  . . 

.      34 

48 

57 

48 

52 

54 

47 

61 

57 

Systolic  pressure 

.    120 

138 

164 

176 

180 

200 

220 

234 

245 

Diastolic  pressure 

.      90 

— 

106 

120 

— 

— 

150 

188 

147 

Pulse  rate   . . 

.    120 

— 

68 

66 

— 

— 

90 

— 

65 

Rate  of  flow  in  arm 

1-9 

31 

40 

2-3 

3-2 

3-2 
3-8 

4-9 

2"7 

4-4 

5-8 
5-4 
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It  will  be  seen  that  the  rates  for  these  individuals  cannot  be  considered 
^particularly  abnormal,  although  in  a  ver}^  general  way  the  rate  of  flow 
increased  slightly  with  the  higher  blood  pressures.  This  increased  rate, 
however,  was  by  no  means  proportional  to  the  increase  in  blood  pressure, 
and  one  must  conclude  that  the  blood  stream  met  with  more  than  the  normal 
resistance  in  the  arms  of  these  patients. 

In  patients  with  heart  disease  the  rate  of  blood  flow  in  the  arm  was 
usually  about  normal,  even  though  well  marked  valvular  lesions  were 
present,  or  the  heart  showed  the  absolute  and  permanent  form  of  arhythmia. 
Our  results  are  shown  in  Fig.  3,  and  are  designated  by  [v^.  In  two 
patients  the  rate  was  taken  during  badly  broken  compensation.  One 
showed  a  rate  of  1-3  cc,  distinctly  below  the  normal  ;  the  other  showed  a 
rate  of  2-5  cc. 

In  anaemia  the  rate  of  flow  through  the  arm  is  of  particular  interest, 
for  the  reason  that  Kraus'  and  Plesch'  have  recently  claimed  that  the 
output  from  the  heart  is  greatly  increased  in  severe  anaemias,  even  up  to 
five  times  the  normal.  Our  figures  for  the  arm,  though  showing  on  the 
whole  a  somewhat  rapid  rate  of  blood  flow,  are  far  short  of  that  described 
by  these  authors  for  the  general  circulation  : — 

Table   showing   rate   of   blood   flow   in   the   arms   of   an.emics. 
Per  cent,  of  Hb.  22  48  50  UO  70  70 

Rate  of  flow      .  .  3-7  27  S'S  .So  3-5  ai 

\\\  of  these  patients,  except  the  second,  had  pernicious  ana;mia. 

Having  discussed  the  rates  in  nephritis,  heart  disease,  and  anaemia, 
there  remain  for  consideration  the  unusually  slow  and  the  unusually  rapid 
rates.  Those  below  20  cc.  per  100  cc.  of  arm  substance  per  minute  belong 
to  the  former  category.  Eleven  of  these  were  recorded,  occurring  in  a 
number  of  different  pathological  conditions.  Two  were  severe  diabetics, 
two  advanced  gastric  carcinomas,  one  an  advanced  nodular  sclerosis  of 
the  radial  arteries,  one  a  patient  with  valvular  heart  disease  with  absolutely 
irregular  rhythm  and  badly  broken  compensation,  one  a  patient  with  partial 
heart-block,  etc.  The  main  factors  possessed  in  common  by  these  patients, 
so  far  as  we  could  discover,  were  moderate  emaciation,  asthenia,  and  a 
cool,  dry  skin.  With  the  two  exceiitions  mentioned  they  presented  neither 
signs  nor  symptoms  of  cardiac  insufiiciency. 

The  more  rapid  rates,  over  5  cc.  of  blood  flow  per  100  cc.  of  arm  sub- 
stance per  minute,  were  relatively  more  numerous,  occurring  in  23  of  our 
observations  on  18  difi^erent  patients.  The  fastest  rate  occurred  in  a  patient 
with  a  severe  form  of  exophthalmic  goitre.  On  admission  his  rate  was 
18-0  cc.  per  100  cc.  of  arm  substance  per  minute,  after  rest  in  bed  and 
medical  treatment  his  rate  was  11-5  cc,  and  after  removal  of  a  portion 
of  the  thyroid  gland  it  was  9-5  cc.  A  second  patient,  with  a  pronounced 
form  of  this  disease,  showed  a  rate  of  1 1-3  cc,  A\hile  a  third,  with  a  very  mild 
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form,  showed  a  rate  of  5-S  cc.  We  suspect  that  this  acceleration  of  the 
peripheral  rate  of  blood  flow  is  a  fairly  constant  feature  of  exophthalmic 
goitre,  and  roughly  proportional  to  the  severity  of  the  disease. 

Table  showi>'0  the  rate  of  flow  in  the  arm  is  exophthalmic  ooitre. 


itient. 

Age. 

Systolic  Diastolic 

Pulse 

Flow. 

Remarks. 

Pr 

essures. 

rate. 

(1) 

28 

5-8  cc. 

Jlild  case. 

(2) 

27 

110 

11-3  cc. 

Severe  case. 

(3) 

37 

176 

90 

140 

180  cc. 

Severe  case. 

178 

93 

144 

11-5  cc. 

-Aiter    medical 
treatment. 

190 

112 

128 

9-5  cc. 

.\fter  surgical 
treatment. 

A  majority  of  the  remaining  fast  rates  occurred  in  neurasthenics  of  the 
vasomotor  type,  individuals  who  flush  and  perspire  easily,  and  who  usually 
have  warm,  moist  skins.  In  order  to  test  the  hypothesis  that  young 
individuals  of  this  type  have  relatively  rapid  rates  of  flow  through  the 
arm,  four  students  of  a  vasoneurotic  type  were  examined,  and  of  these 
three  showed  rates  over  5-0  cc,  while  the  fourth  showed  a  rate  of  3-9  cc. 

In  undertaking  this  study,  we  had  hoped  that  it  would  assist  in  throwing 
light  upon  the  rate  of  blood  flow  in  the  body  as  a  whole.  A  review  of  our 
results,  however,  seems  to  emphasize  the  predominating  influence  of  local 
conditions.  The  slow  rates  were  found  most  often  in  those  who  had  cool,  dry 
skins,  while  the  fast  rates  occurred  in  those  with  warm,  moist  skins.  It  is 
difficult  to  compare  the  local  rate  of  blood  flow  with  the  general  rate  in 
man,  for  the  reason  that  we  have  no  satisfactory  method  for  estimating 
the  output  from  the  heart.  In  over  half  our  patients  the  systohc  and 
diastolic  pressures  were  taken  with  the  Erlanger  instrument ;  and  the 
difference  between  the  two,  the  pulse  pressure,  was  multiplied  by  the 
heart  rate.  It  has  been  claimed  that  this  product  is  roughly  proportional 
to  the  total  systolic  output  from  the  left  ventricle.  We  failed,  however,  to 
discover  any  relation  between  this  product  and  the  rate  of  flow  in  the  arm, 
as  determined  by  our  method.  This  discrepancy  might  be  caused  either  by 
a  true  lack  of  relation  between  the  peripheral  blood  flow  and  the  systoUc 
output  from  the  heart,  or  else  by  a  large  error  in  either  of  the  methods  used. 
We  are  inclined  to  agree  «-ith  0.  Miiller'  in  his  view  that  the  pulse  pressure 
is  practically  useless  as  a  means  of  comparison  of  the  systolic  outputs  of 
different  individuals. 
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Conclusions. 

We  believe  that  the  method  here  described  determines  the  rate  of 
peripheral  blood  flow  in  the  arm  with  rough  accuracy,  the  error  in  favourable 
cases  not  exceeding  20  per  cent.  By  means  of  this  method  it  is  possible  to 
demonstrate  in  man  the  tremendous  acceleration  of  the  local  blood  stream 
following  exercise,  as  well  as  that  which  occurs  in  overheating  by  the  general 
hot  tub.  It  has  been  possible  to  show  that  the  rate  of  peripheral  blood  flow 
is  not  markedly  influenced  by  the  high  blood  pressure  of  nephritis,  by  heart 
disease,  except  in  the  extreme  stages  of  broken  compensation,  or  by  antemias 
of  the  pernicious  type.  On  the  other  hand,  emaciated,  asthenic  patients, 
with  cool,  dry  skins  generally  have  a  slow  rate  of  flow  through  the  arm  ; 
while  tliose  with  exophthalmic  goitre  and  the  vasomotor  type  of  neurasthenia 
generally  have  a  rapid  flow. 
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THE  EXPERIMENTAL  PRODUCTION  OF  PAROXYSMAL 
TACHYCARDIA  AND  THE  EFFECTS  OF  LIGATION  OF  THE 
CORONARY  ARTERIES.* 

By   THOMAS    LEWIS. 

(From  the  Research  Laboratories,  University  College  Hospital  Medical   School 
[Dr.    Charles   Bolton).) 

The    observations,    upon    which    the    following    communication    is    based, 
were  briefly  outlined  in  the  first  number  of  this  Journal. 

Certain  effects  were  noted  as  the  result  of  tying  one  or  other  coronary 
artery  in  cats,  during  the  progress  of  some  experiments  undertaken  with 
a  different  object.  A  number  of  investigators  had  already  worked  at  the 
effects  of  obstructing  the  main  vascular  supply  to  the  heart  vvalls,  but  as  no 
analysis  of  the  actual  irregularities  produced  had  been  attempted  up  to 
the  time  when  the  present  observations  were  commenced,  it  was  considered 
advisable  that  a  more  detailed  examination  should  be  made. 

A  full  account  of  the  work  already  accomplished  in  the  direction  of 
coronary  artery  ligation  will  be  found  in  Porter's  article'',  and  in  the  more 
recent  publication  of  Miller  and  Matthews'.  A  discussion  of  these  observa- 
tions will  not  be  undertaken,  for  they  are  of  a  different  nature  to  those  upon 
which  emphasis  is  to  be  laid  in  the  following  pages. 

The  detailed  analysis  of  the  irregularities  obtained,  as  a  result  of  coronary 
artery  ligation,  jvas  considered  of  importance  for  several  reasons.  The 
irregularities  which  occur  are  in  a  measure  spontaneous,  for  they  are  the 
outcome  of  the  production  of  a  continuous  abnormal  process  in  the  heart 
wall,  and  do  not  result  from  interrupted  mechanical  or  electric  stimulation. 
As  a  consequence,  a  closer  resemblance  to  the  irregularities  met  with  in 
clinical  study  might  be  anticipated,  and  the  conditions  giving  rise  to  them 
could  be  considered  as  being  more  nearly  allied  to  those  which  prevail  in  disease. 
The  careful  study  of  any  abtiormal  rhythm,  produced  by  experimental 
damage  to  the  heart  itself,  must  of  necessity  be  useful,  if  it  can  be  shown 
that  a  similar  rhythm  may  occur  in  natural  jjathological  conditions.  It 
was  also  anticijDated  from  the  preliminary  experiments  that, a  lesion  might 
be  found,  which  would  yield  a  permanent  or  paroxysmal  increase  of  heart 
rate  with  sufficient  constancy  to  allow  a  more  complete  investigation  of  such 
a  tachycardia  to  be  made.    This  expectation  has  been  fulfilled. 


*  The  expenses  of  these  investigations  have  been  defrayed  by  a  grant  from  the  Royal  Society. 

Vol.  I,  No.  2. 
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Our  knowledge  of  clinical  tachycardias  of  abrupt  onset  and  offset  is 
by  no  means  complete,  and  the  experimental  side  of  the  question  has 
remained  practically  untouched  ;  if  such  a  tachycardia  could  be  obtained 
with  regularity,  a  study  of  it,  at  whatever  level  it  might  have  its  origin, 
would  materially  assist  us  in  understanding  the  factors  which  operate  in  the 
production  of  the  two  main  types  of  paroxysmal  tachycardia  known  to 
occur  in  the  human  subject. 

In  the  present  communication,  therefore,  attention  will  be  chiefly 
restricted  to  an  abnormal  and  rapid  action  of  the  heart,  which  is  a  result  of 
interference  with  its  vascular  supply. 

Method. 

During  the  course  of  these  experiments  dogs  have  been  emi^loyed 
exclusiveh%  both  on  account  of  the  faciUty  with  which  the  coronary  vessels 
are  reached,  and  because  of  the  ease  with  which  reliable  records  can  be  obtained 
from  the  separate  chambers  of  the  heart  in  this  animal.  The  animals  were 
narcotised  with  morphia  and  paraldehyde,  and  these  antesthetics  were 
supjjlemented  with  ether  in  sufficient  c^uantity  to  produce  complete  or  deep 
surgical  anaesthesia.  The  carotid  artery  was  connected  to  a  Hiirthle 
manometer,  and,  in  certain  instances,  a  special  plethysmograph  was  employed 
to  enclose  the  left  external  jugular  vein  in  such  a  way  that  records  of  venous 
volume  could  be  obtained.  The  sternum  was  split  longitudinally  and  the 
sides  of  the  chest  wall  were  drawn  apart,  the  pericardium  was  opened  and 
stitched  to  the  chest  wall.  A  loose  Ugature  was  placed  around  the  coronary 
artery,  or  branch  of  the  coronary  artery  selected,  after  the  necessary  blunt 
dissection  had  been  accomplished.  Stitches  were  placed  in  the  right  auricle 
(one  in  the  tip  of  the  appendix,  and  one  at  the  base  of  the  appendix)  and  in 
the  ventricles  (one  at  the  right  and  one  at  the  left  border  of  heart).  By  means 
of  these  stitches,  the  points  of  the  special  myocardiograph  levers,  devised  by 
Cushny  (modified  from  Roy  and  Adami's  pattern),  were  secured  to  the 
musculature  of  the  auricle  and  ventricle.  The  levers  give  the  most  reliable 
record  obtainable  of  muscular  shortening,  and  they  work  independently  of 
general  movements  of  the  viscus  examined.  These  preparatory  arrange- 
ments occupied  as  a  rule  from  J  to  1  hour.  A  preliminary  tracing  was  taken, 
which  included  a  curve  from  auricle  and  ventricle,  a  carotid  pressure  curve,  and, 
upon  occasion,  a  venous  volume  curve.  Subsequently  the  ligature  was 
tightened,  and  subsequent  events  were  recorded.  In  the  last  experiments  the 
carotid  curve  has  been  replaced  by  a  galvanometer  curve,  and  the  auricular 
and  ventricular  movements  have  been  recorded  photographically  by  means  of 
the  original  myocardial  levers,  working  in  front  of  the  same  slit.  For  the 
electrocardiograms,  Edelmann's  latest  pattern  of  Einthoven's  string 
galvanometer  has  been  utilised.  The  body  current  was  led  from  the  right 
forej^aw  and  left  hind  paw,  bj-  means  of  baths  of  saturated  sodium  chloride 
solution  in  which  the  terminals  were  immersed.  The  vagosympathetic  nerves 
were  invariably  divided  during  the  course  of  the  experiment. 
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At  the  termination  of  an  experiment  the  heart  was  placed  in  formalin, 
and  the  successful  apijlication  of  the  ligature  was  subsequentlj^  verified. 


General  outliise  of  the  effects  of  the  ligation. 

Two  arteries  have  been  dealt  with,  nameh',  the  descending  branch  of 
the  left  coronary,  and  the  right  coronary  arter}^  near  its  origin. 

In  the  case  of  the  descending  branch  of  the  left  vessel  a  patch  of  muscle, 
which  lies  entirely  in  the  ventricular  muscle,  is  damaged.  In  the  case  of  the 
right  coronary  the  area  devascularised  includes  the  right  auricle  and  the 
greater  part  of  the  right  ventricle.  A  narrow  strip  of  healthy  muscle  remains 
in  the  right  ventricle  directh'  to  the  right  of  the  interventricular  groove. 
When  the  ligature  is  tightened  an  immediate  change  in  the  colour  of  the  im- 
plicated muscle  is  seen  as  a  result  of  the  obstruction  to  its  blood  supply. 
From  a  slight  cyanotic  tinge,  the  colour  passes  rajjidly  to  a  lividity,  which 
is  maintained  during  the  remainder  of  the  experiment  (the  accompanying 
veins  are  usually  included  in  the  ligature).  Within  a  few  minutes  the 
damaged  ventricular  muscle  dilates  and  is  ballooned.  With  each  systole 
of  the  heart  it  becomes  more  swollen,  until  eventually  no  visible  contraction 
is  present.  The  right  auricle  continues  to  beat,  but  the  strength  of  its 
contraction  is  usualh'  diminished.  When,  at  the  end  of  an  experiment, 
fibrillation  ensues,  the  damaged  ventricular  muscle  fails  to  participate  in  the 
fibrillation. 

The  accompanying  table  gives  a  list  of  experiments,  and  in  each  instance 
shows  the  vessel  tied,  the  time  of  onset  of  the  first  irregularity,  the  time  of 
onset  of  the  first  paroxysm  of  tachycardia,  and,  finally,  the  time  at  which  the 
experiment  terminated  or  was  abandoned. 

Five  experiments  were  performed  in  which  the  descending  branch  of  the 
left  coronarj^  was  selected  for  ligation.  In  one  instance  paroxysms  of  tachj'- 
cardia  were  obtained  (Dog  C).  In  the  sixth  experiment  the  right  coronary 
was  occluded,  but  no  paroxysm  was  produced.  It  was  not  until  the  seventh 
experiment  (Dog  G)  that  the  importance  of  the  time  factor  was  fully  recog- 
nised, and  in  the  remaining  instances  sufficient  time  was  allowed  for  the 
develoiDuient  of  that  condition  which  ajjpeared  to  predispose  to  the  pro- 
duction of  the  tachycardia  desired.  The  table  gives  the  results  of  observations 
iijjon  seventeen  animals  in  all.  In  five  the  left  coronary,  and  in  twelve  the 
right  coronary  was  ligatured.  In  one  of  the  former,  and  in  nine  of  the 
latter  tachycardia  was  obtained.* 

In  the  experiments  in  which  the  descending  branch  of  the  left  coronary 
artery  is  tied,  the  resultant  irregularity  takes  the  form  of  ventricular  extra- 
sj'stoles,  and  with  the  exception  of  the  tachycardia  in  one  experiment,  no 
other  form  of  arhythmia  has  been  observed.  The  extrasj'stoles  are  at 
first  single,  occurring  at  varj'ing  instants  in  diastole.  Later  they  are  multiple 
and  successive.     Groups  of  two,  three,  and  four  are  frequent.      At  times  a 


'  In  a  later  experiment  similar  results  to  those  of  Dog  R  were  obtained. 
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Table  I. 


Dog. 

Coronary  tieil. 

Time  of 

first  extr 
systole  af 
"  ligation 

of      Time  of  onset 
a-         of  paroxysm 
er      after  ligation. 

Time  and 

jature  of  cesFation  of  experiment 
after  ligation. 

A. 
B. 

Desc.  br.  of  L.C. 
Desc.  br.  of  L.C. 

4  m 

5  m 

- 

1 

h.    10  111. 
7  111. 

Experiment     stopped,     heart 
beating  normally. 
Ventricular  fibrillation. 

C. 

Desc.  br.  of  L.C. 
Desc.  br.  of  L.C. 

44  m 

2  m 

1  h.    17  m. 

4 

li.    14  in. 
48  111. 

Experiment  stopped,  rliythiii 

normal. 

Ventricular  fibrillation. 

E. 

Desc.  br.  of  L.C. 

3  m 

— 

37  m. 

Experiment  stopped. 

F. 

R.C. 

2  m 

- 

1 

li. 

Experiment  stopped. 

G. 

R.C. 

3  ra 

1  h.   25  m. 

1 

h.   56  m. 

Ventricular  fibrillation. 

H. 

R.C. 

22  m 

1  h.   37  111. 

2 

li.    12  111. 

Ventricular  fibrillation. 

I. 

R.C. 

32  m 

1  h.   10  ra. 

1 

li.   25  111. 

Ventricular  fibrillation. 

J. 

R.C. 

15  m 

15  m. 

45  m. 

Auricle  faradised,  experiment 

stopped. 

Ventricular  fibrillation. 

K. 

R.C. 

3  m 

1  h.   13  m. 

3 

li.    13  111. 

M. 

R.C. 

44  m 

2  li.     6  111. 

3 

li.      9  m. 

Experiment  stopped. 

N. 

R.C. 

27  m 

— 

1 

h.   46  ni. 

Ventricular  fibrillation. 

0. 

R.C. 

21  m 

37  m. 

57  111. 

Ventricular  fibrillation. 

P. 

R.C. 

20  m 

32  m. 

1 

li.   45  m. 

Ventricular  fibrillation. 

Q. 

R.C. 

10  m 

— 

2 

h.   30  m. 

Experiment  stopiied. 

R. 

R.C. 

20  m 

1  h.    11  111. 

1 

h.    12  111. 

Ventricular  fibrillation. 

bigeminy  or  trigeminy*  results.      Occasionally  retrogression  to   the  auricle 
occurs   (retrograde  extrasystoles). 

Obstruction  of  the  right  coronary  vessels  yields  irregularities  of  greater 
variety.  Auricular  extrasystoles,  ventricular  extrasystoles,  early  or  late 
in  ventricular  diastole,  occur  in  profusion  ;  extrasystoles  in  which  auricle 
and  ventricle  contract  prematurely  and  together,  or  in  which  the  ventricle 
precedes  the  auricle,  are  common.  Bigeminy  and  trigeminy,  as  a  result  of 
one  or  other  form  of  extrasystole,  are  seen.  Interpolated  extrasystoles  are 
rare.  Groups  of  two  or  more  auricular  or  ventricular  extrasystoles,  and 
other  groups  in  which  auricle  and  ventricle  contract  together,  are  numerous. 
Complex  irregularities  in  which  auricular  and  ventricular  extrasystoles  ajjpear 

*  The  bigeminy  was  produced  as  a  result  of  an  extrasystole  following  each  normal  beat  ;   tlie 
trigeminy  was  produced  as  a  result  of  an  extrasystole  following  every  two  normal  beats. 
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independently  and  in  close  proximity  to  each  other  are  occasional.  Publi- 
cation of  the  curves  illustrating  these  arhythmias  is  deemed  unnecessary, 
and  a  full  description  of  the  more  complex  instances  is  postj^oned. 

At  present,  attention  will  be  directed  to  those  exiDeriments  in  which 
tachycardial  paroxysms  were  obtained,  namely  experiment  C,  and  experi- 
ments G,  H,  I,  J,  K,  M,  0,  P,  and  R.  Protocols  giving  selected  chronological 
detail  are  included  in  an  appendix. 

General  description  of  the  paroxysms. 

It  has  been  seen  that  the  paroxysms  are  produced  with  con- 
siderable frequency  when  the  right  coronary  vessels  are  tied.  Thus, 
they  were  obtained  in  nine  out  of  twelve  experiments.  Some  time 
must  be  allowed  to  elapse  before  such  paroxysms  may  be  expected.  In  the 
majority  of  instances  the  requisite  time,  subsequent  to  the  interference 
with  the  vascular  supply,  exceeds  one  hour.  In  three  cases  it  was  less,  and 
amounted  to  15,  37,  and  32  minutes  respectively.  The  failure  to  obtain 
tachycardia  in  all  but  one  of  the  early  experiments  upon  the  left  coronary  is 
attributed  to  the  too  early  abandonment  of  most  of  these  experiments.  In 
the  ten  animals  in  which  tachycardia  was  obtained,  it  ended  in  ventricular 
fibrillation  during  the  first  attack  in  four  instances  only  (cp.  Table  II). 
In  the  remaining  six,  the  normal  rhythm  was  re-established.  In  their  re- 
currence the  paroxysms  were  most  frequent  in  the  fifteenth  experiment  (Dog  P). 
In  this  animal  eight  attacks  were  noted.  In  duration  the  paroxysms  vary 
from  a  few  seconds  to  35  minutes.  The  average  rate  (first  taking  averages 
for  each  individual,  and  finally  averaging  all)  was  253,  the  average  of  the 
normal  rhythm  (similarly  calculated)  was  126*.  Frequently  the  ventricular 
rate  exceeds  300,  and  at  times  the  contractions  follow  each  other  at  a  rate 
passing  400  a  minute.  In  Fig.  6  the  frequency  is  397,  and  the  auricle  is  in 
fibrillation.  The  ventricle  beat  later  at  405,  and  passed  imperceptibly 
from  this  rhythm  into  fibrillation.  Such  was  the  termination  also  in  the 
experiment  from  which  Fig.  10  is  taken.  The  rate  as  shown  is  seven  beats  per 
second,  or  420  contractions  per  minute.  As  a  general  rule  the  rhythm  of  the 
ventricle  during  the  paroxysm  is  regular,  and  frequently  each  beat  is  followed 
by  a  systole  of  the  auricle,  at  an  interval  which  varies  slightly  from  experi- 
ment to  experiment.  As  a  rule  the  Vs-As  interval  (the  interval  between  the 
onset  of  ventricular  and  auricular  sj'stole)  lies  between  0-10  and  0-16  sec; 
the  average  for  the  ten  experiments  was  0- 139 sec.  In  one  instance,  included 
in  the  table,  a  longer  period  (0-28  sec.)  was  noted,  but  in  this  it  was  open  to 
question  as  to  which  ventricular  beat  was  the  cause  of  the  auricular  response. 
On  the  other  hand  the  As-Vs  interval  for  the  preceding  normal  rhythm  lies 
between  0-07  and  012  sec;  the  average  was  0-098  sec.    The  Vs-As  interval  in 

*  As  will  be  seen  from  ein  examination  of  Table  II,  the  almost  doubled  rate  during  the 
paroxysms  is  much  more  exact  in  the  averages  than  in  the  individual  instances.  In  the  single 
instance  previously  reported  the  doubling  happened  to  be  exact. 
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any  given  experiment  has  exceeded,  almost  invariably,  the  As-Vs  interval 
of  the  preceding  normal  rhythm  by  a  small  fraction.  The  Vs-As  interval 
remains  fairly  constant  from  experiment  to  experiment ;  it  also  remains 
approximately  the  same  while  wide  changes  in  the  ventricular  rate  occur. 
The  As-Vs  interval  during  the  paroxysm  varies  indirectly  to  the  rate.* 


The     IRREGfLARITIES     IMMEDIATELY    PRECEDING     THE     ONSET 
OF      THE      PAROXYSMS. 

As  a  rule,  the  irregularities  which  lead  up  to  the  paroxysm  are  extra- 
systoles  starting  in  the  ventricle.  In  the  earlier  stages  single,  in  the  later 
stages  multiple  and  successive,  they  become  more  and  more  numerous. 
Generallj',  after  a  short  run  of  beats  (from  2  to  4)  retrogression  to  the  auricle 
takes  place.  This  phenomenon  is  clearly  depicted  in  Fig.  1,  where  the 
second  beat  of  a  pair  originates  a  response  on  two  occasions  (cp.  Fig.  14). 
Retrogression  also  occurs  in  Fig.  2,  representing  the  onset  of  a  paroxysm. 
To  the  left  of  the  last  mentioned  figure  are  three  extrasystolic  ventricular  beats, 
each  retrograde  to  the  auricle,  followed  by  a  pause  with  return  to  the  normal 
rhythm.  The  normal  rhythm  is  promptly  interrupted  again  by  similar 
beats,  and  in  the  last  part  of  the  figure  they  lead  directly  into  what  actually 
became  a  continuous  paroxysm  \nth  alternation.  The  tendency  for  the 
spontaneous  ventricular  beats  to  induce  auricular  contractions  is,  to  a  large 
extent,  independent  of  the  rate  of  the  sinus  rhythm,  and  also  of  the  instants 
at  which  they  appear,  though  certainly  not  entirely  independent  of  these 
factors.    Once  reversal  has  shown  itself,  it  recurs  with  increasing  frequency. 


The  ONSET  of  the  paroxysm. 

The  record  of  the  abrupt  onset  of  a  paroxysm  of  tachycardia  of  short 
duration  is  obviously  more  difiBcult  to  obtain  than  is  that  of  its  offset.  With 
the  latter  there  is  a  warning  of  its  impendence,  while  in  the  former  there 
may  be  none.  It  is  requisite  that  the  drum  should  travel  at  a  speed  adequate 
for  the  mensuration  of  intervals,  and  the  duration  of  an  experiment  precludes 
a  continuous  record  at  such  a  rate.  Subsequent  to  the  ligation  of  the  artery 
the  heart  is  watched,  and  samples  of  the  irregularities  are  obtained  from 
time  to  time.  When  it  comes,  the  paroxysm  is  immediately  recognised  by  the 
quick  and  regular  roUing  movement  of  the  heart  which  it  creates.  As  a 
consequence,  the  majoritj-  of  the  records  start  a  second  or  so  after  the  actual 
onset,  and  at  times,  therefore,  certainty  of  the  manner  of  onset  may  be 

*  In  ascertaining  whether  A  responds  to  V,  or  V  to  A,  considerable  stress  is  laid  upon  the 
constancy  of  the  Vs-As  interval  or  As-Vs  interval.  In  fast  paroxj-sms  the  two  intervals  may 
be  almost  equal.  If  A  is  responding  to  V,  with  consteint  Vs-As  intervals,  during  a  paroxysm  of 
varjTng  rate,  then  the  As-Vs  interval  of  the  same  paroxysm  must  show  variation,  necessarily 
dependent  upon  the  variation  in  the  rate  of  the  paroxysm. 
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absent.  Moreover,  the  onset  is  not  invariably  in  the  same  fashion.  The 
commencement  in  individual  cases  is  almost  uniform  in  one  respect ; 
ventricular  extrasystoles  lead  up  to  it.  But  they  may  or  may  not  be 
numerous,  and  on  one  or  two  occasions  were  not  recorded.  Fig.  2  represents 
the  commencement  of  the  fourth  paroxysm  in  Dog  K.  It  shows  the  transition 
of  retrograde  extrasystoles*  into  the  beats  of  the  actual  paroxysm.     The 


Fig.  1.     Dog  M  ;  1.15.    V,  curve  of  muscular  shortening  in  ventricle ;  A,  the  same  in  the  auricle. 

C,   Hurthle   curve  from   carotid.       The  movements  are   all  upright.       The   time    marking 

is'  in    seconds.      Tlie    figiu-e    shows    the    normal    rhythm    interrupted    by    extrasystoles, 

which  prevailed  for  over  an  hour  before  tho  onset  of  the  paroxysm.     This  example  shows 

seven  ventricular  extrasystoles  (e'  and  e").     In  two  instances  a  pair  of  extrasystoles  is 

.qhown.    The  second  beat  of  each  pair  (e")  is  retrograde  to  the  auricle  (the  premature  aiu-icular 

beat  is  marked.;<)  and  fails  to  effect  the  carotid  pressure.     The  As-Vs  interval  is  less  than 

the  Vs-As  interval  of  the  two  retrograde  beats.     In  this  curve,  as  in  several  others,  the  time 

tracing  is  uneven.     This  is  not  due  to  irregularity  in  the  movement  of  the  drum  or  time 

pendulum,  but  to    a  slight   delay  in  the  movement  of   the  time  signal  at  alternate  beats. 

The  inequaUty  escaped  observation  vmtil  it  was  too  late  to  remedy  it.f 

close     resemblance     between     these    preHminary     contractions     and     the 

systoles  of  the  paroxysm  itself  at  the  end  of  the  curve  (the  paroxysm  was 

continuous  from  this  point  onwards)  is  very  striking,  both  in  respect  of 

*  Extrasystoles  which  start  in  the  ventricle  and  appear  to  awaken  an  auricular  response, 
t  The  setting  of  the  events  depicted  in  any  given  figure  may  be  examined  by  reference  to  the 
protocol  of  the  experiment  to  which  such  a  figiu-e  belongs. 
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the  shape  and  length  of  the  beats,  and  as  regards  the  length  of  the  Vs-As 
intervals.  The  curve  may  be  interpreted  as  showing  jiortions  of  three 
separate  paroxysms,  of  which  the  first  and  second  are  transitory. 


Fig.  3.  Dog  P;  1.38-1.40.  Onset  of  fourth  paroxysm.  The  auricular  rate  is  approximately 
164  throughout,  that  is  to  say,  auricle  responds  to  sinus  throughout.  To  the  left  is  the 
end  of  tlie  normal  rhythm.  To  the  right  is  the  paroxysm.  The  auricle  and  ventricle 
beat  independently,  the  latter  at  approximately  271  with  marked  alternation.  The  alter- 
nation and  dissociation,  in  combination, produce  a  very  complex  carotid  curve.  The  ventricular 
paroxysm  passes  into  response  of  ventricle  to  aiu'iole.  The  regular  a  waves  are  clearly  seen 
in  the  jugular  curve,  Ve.  As  opposed  to  the  remaining  ciu'ves,  the  curve  of  venous  volume 
is  inverted,  it  is  marked  above  with  points  corresponding  to  As,  and  below  to  points 
svnchronous  with  Vs. 


The  onset  with  the  resjjonse  of  the  auricle  to  each  beat  of  the  ventricle 
is  by  no  means  invariable,  and  the  absence  of  this  reaction  is  especially  seen 
when  the  rate  of    the  original  sinus  rhythm  is  rapid.       In  such  cases  the 
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auricle  may  proceed  at  its  former  rate,  and  coordination  between  the  two 
chambers  is  completely  lost.  This  tji^e  of  curve  is  exemplified  in  Figs.  3  and  4. 
The  complete  dissociation  which  exists  in  these  instances  may  terminate  in 
one  of  three  distinct  ways.  The  auricle  may  pass  into  a  state  of  fibrillation 
(Fig.  4).  The  ventricular  rhythm  may  cease  with  a  return  to  the  original 
sequence  (Fig.  3).  Finally,  the  auricle  may  become  irregular  as  a  conse- 
quence of,  at  first,  occasional,  and  eventually  frequent  or  continuous  responses 
to  the  ventricle. 

At  this  stage  it  will  be  found  convenient  to  note  the  mode  in  which  the 
rhythm  changes  when  fibrillation  of  the  auricle  is  present.  An  examination 
of  the  other  phenomena  of  the  paroxysm  may  be  proceeded  with 
subsequently. 


Fig.  4.  Dog  O  ;  lJ.3Li-12.4ii.  Oiijiot  of  first  paroxysm.  To  tlio  kit  ui  the  stops  a  beat  of 
the  normal  rhythm  is  shown.  The  rate  of  tliis  rhythm  was  16S.  The  paroxysm 
commences  with  complete  dissociation.  The  auricle  continues  to  respond  to  the  sinus  at 
160.  Tlie  ventricular  rate  appears  at  first  sight  to  be  178.  The  subsequent  curve  proved  that 
alternation  was  present  at  tliis  stage,  and  the  real  ventricular  rate  is  350,  for  each  of  the 
ventricular  curves  sho\vn  in  realitj-  consists  of  two  beats.  An  indication  of  the  alternation  is 
seen  in  some  of  the  carotid  curves.  The  carotid  curve  shows  a  gradual  waxing  and  waning 
of  systoUc  pressiu'e,  according  to  the  instants  at  which  the  auricular  beats  fall.  Tlie  aiuicle 
passes  into  fibrillation  after  six  beats. 


Auricular  fibrill.\tion  durixg  the  paroxysjis. 

A  flickering  or  tremulous  movement  of  the  auricle  has  been  noticed  upon 
many  occasions.  When  it  occurs,  it  manifests  itself,  as  a  rule,  at  or  within  a 
few  seconds  of  the  commencement  of  the  tachycardia  (as  in  Dog  H,  O.andP). 
Under  these  circumstances  it  appears  to  be  the  result  of  the  impulses 
showered  upon  it  from  above  and  below.    It  may  be  regarded  as  an  expression 
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of  trembling  indecision,  or  as  a  complex  response  to  a  superabundance  of 
stimuli  reaching  it  on  more  than  one  side.  Usually  the  eventual  result  is  the 
acceptance  by  the  auricle  of  the  more  urgent  demands  of  the  ventricle.  The 
curve  described  is  small  in  amplitude  and  irregular  in  outline,  or  may  show- 
no  other  indication  of  movement  than  a  slight  transmitted  pull  from  the 
ventricle.  But  it  is  often  difficult  to  satisfy  oneself  that  true  fibrillation  is 
present,  in  the  absence  of  knowledge  of  what  constitutes  true  fibrillary 
twitching.  A  marked  incoordination  of  its  fibres  may  be  present,  yet  this 
condition  may  pass  imperceptibly  into  undisturbed  and  regular  beats. 


Fig.  5.  Dog  O  ;  12.51.  Taken  during  the  second  paroxysm.  The  curve  shows  the  auricle 
at  first  in  fibrillation,  and  later  responding  to  the  ventricle.  As  in  the  last  figure 
the  stimulus  production  in  the  ventricle  is  in  reality  double  the  apparent  rhythm  (actual 
rate  about  380,  apparent  rate  about  190).  The  events  occurring  between  Figs.  4  and  5  are 
contained  in  the  protocol.    The  final  rate  of  the  ventricle  in  this  experiment  was  405  (Fig.  6). 


Auricular  fibrillation  was  also  met  with  on  another  occasion  (Fig.  6), 
namely,  when  the  ventricular  rate  rose  to  405. 

When  established  it  terminates  in  one  of  three  ways  : — 

(1)  As   stated   above,    it   ends   in   the   auricle   responding   to   the 

ventricle  (Fig.  5)  ; 

(2)  It  passes  into  auricular  response  to  stimulus  production  at  a 

higher   level,    while    the    paroxysm    ends,    and    the    ventricle 
responds  to  the  auricle  ; 

(3)  Ventricular    fibrillation    ensues.      In   such    cases,    so   soon  as 

ventricular    fibrillation   is    established,    the    auricle    tends    to 
respond  once  more  to  impulses  created  at  a  higher  level. 
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Fig.  6.  Dog  O  ;  12. 5S.  Xearing  the  terniinatioii  ■'!  the  ex|ierimeiit.  The  %eiitricle  is  beating 
with  a  regular  rhythm  of  397.  The  auricle  shows  fibrillation.  The  small  waves  on  the 
curve  A  are  transmitted  from  the  ventricle.    The  carotid  curve  is  monocrotic. 


Dissociation   Axn   heart-block   during   the   paroxysms. 

With  the  onset  of  the  new  or  paroxj-smal  rh3^thm,  it  sometimes  happens 
that  the  auricle  maintains  its  original  rate.  In  such  cases  there  is  comjjlete 
independence  of  two  rhythms,  which  are  individually  regular  (Figs.  3  and  4). 
It  is  generally  brought  about  when  the  ventricular  only  slightly  exceeds  the 
auricular  rate,  that  is  to  say,  when  the  original  auricular  or  sinus  rhythm 
is  unusually  fast.  It  is  probable  that  the  absence  of  retrogression  in  these 
instances  is  largely  due  to  this  enhanced  rate,  it  may  also  depend  upon 
the  presence  of  an  exceptional  hindrance  to  the  backward  passage  of  the 
beats.  As  Trendelenburg  and  others  have  shown"*,  retrograde  beats  are 
called  forth  most  readily  at  a  time  when  the  heart  beat  is  slow.  The  j^resence 
of  complete  dissociation  where  the  rate  of  ventricle  but  slightly  exceeds  that 
of  the  auricle,  gives  rise  to  a  characteristic  periodicity  in  the  carotid  tracing, 
a  waxing  and  waning  of  the  curve  which  is  well  marked  for  a  short  distance 
in  Fig.  -1.  It  is  dependent  upon  the  instant,  in  relation  to  ventricular 
systole,  at  which  the  auricle  contracts  (Cushny). 

Partial  heart-block  during  a  jjaroxj'sm  occurs  spontaneoush'  and  is 
very  frequent.  It  is  produced  by  great  acceleration  of  the  ventricular 
rhythm.  Thus,  in  Table  II,  2:1  heart-block  is  shov»-n  to  have 
occurred  when  the  rate  of  ventricular  contraction  was  counted  at 
206,  272,  270,  206,  234,  220,  380,  294,  348,  280,  320,  and  264.  The  4: 1  ratio 
is  of  rarer  occurrence.  It  is  illustrated  in  Fig.  8.  Examples  of  response  to  each 
ventricular  beat  were  met  with  at  the  following  rates  : — 153,  170,  ISO,  210, 
180,  228,  183,  140,  203,  192,  193,  142,  157,  192,  157,  174,  and  156.  The 
halving  of  the  auricular  rhythm  appears  to  take  place  when  the  ventricular 
rhythm  rises  above  220,  or  thereabout. 
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Fig.  7.  Dog  M  ;  2.0-2.7.  The  onset  of  tlio  tii'st  paroxj'sm.  To  the  left  is  the  normal 
rhythm,  interrupted  by  a  ventricular  extrasystole.  To  the  right  is  a  ventricular 
paroxysm  at  approximately  220.  Alternation  is  well  seen  in  the  ventricular  curve,  but  is  less 
marked  in  the  carotid.  At  first  the  auricle  responds  to  every  second  beat,  and  later  to  2  in  3. 
With  the  2  :3  rhytluii  a  periodic  variation  in  the  carotid  tracing  and  a  variation  in  Vs-As 
interval  are  seen. 


Fig.  8.  Dog  O  ;  12.42.  Two  minutes  after  the  onset  of  tlio  first  paroxysm.  Auricular 
and  carotid  curves  are  shown.  Reversed  heart-block  (4:1)  is  present.  The  effect  of  the 
auricular  beat  upon  the  carotid  tracing  is  clearly  shown.  The  ventricular  rate  is  310. 
As  in  several  of  the  figures  taken  from  this  experiment,  the  auricular  beat  is  imduly  pro- 
longed (cp.  Figs.  4  and  5) ;  it  is  probable  that  we  have  to  do  in  such  cases  with  a  special 
action  of  the  auricle  verging  on  fibrillation. 


Examples  of  2:1  reversed  heart-block  are  given  in  Figs.  5,  7,  and  11 
(in  two  of  which,  Figs.   5  and    11,  alternation  of  the  ventricle  is  present. 
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Fig.  5  does  not  demonstrate  the  alternation,  but  its  presence  was  quite 
clear  from  an  examination  of  the  continuation  of  the  same  tracing)*.  In 
Fig.  7  a  2 : 1,  1 :  1  alternating  ratio  is  shown,  in  w  hich  there  is  a  variation  of  the 
V^s-As  interval  according  to  the  time  allowed  for  recovery.  The  size  of  the 
auricular  contraction  is  also  affected  h\  the  same  circumstance. 

Both  in  this  curve,  and  in  that  shown  in  Fig.  8,  an  example  of  4  :  1  ratio, 
the  effect  of  the  auricular  beats  upon  the  carotid  curve  is  very  marked.  The 
variation  in  the  pulse  curve  produced  by  the  auricular  beats  is  of  considerable 
clinical  imiiortance,  for  it  is  invariable,  and  it  leads  to  the  conclusion  that  in 
the  human  subject,  where  the  radial  curve  is  composed  of  beats  of  constant 
size,  the  sequence  of  contraction  in  auricle  and  ventricle,  if  there  be  a 
sequence,  is  constant.  Further,  it  may  be  suggested,  that  where  the 
height  of  the  pulse  beats  are  not  consistent  with  the  preceding  pauses 
some  degree  of  independence  of  auricle  and  ventricle  may  be  present. 

In  the  further  consideration  of  heart-block  as  it  occurs  during  the 
paroxysms,  the  occasional  missed  response  of  the  auricle  in  an  otherwise 
regular  rhythm  must  be  mentioned. 

Vagal  stimulation  may  give  rise  to  heart-block  de  novo  in  reversed 
rhj'thm,  or  may  increase  the  grade  of  heart-block  originally  present.  Such 
effects  may  be  exj)lained  in  the  case  of  a  retrograde  rhythm,  either  as  a 
result  of  the  vagal  action  direct  upon  the  auricle,  or  as  a  consequence  of  an 
alteration  produced  in  the  conducting  power  of  the  auriculo-ventricular 
bundle. 


The   effect  of   vagal  stimulation  after  the  okset  of  the 
paroxysm. 

Full  details  of  the  consequences  of  vagal  stimulation  during  the  normal 
rhythm  and  while  the  paroxj^sms  prevailed  are  given  in  the  accompanying 
table  (Table  III). 

The  strength  of  tiie  faradic  current  employed  was  selected  physio- 
logicallj'in  the  majority  of  instances.  That  strength  of  current  was  employed 
which  produced  marked  slowing  or  temporary  standstill  of  the  heart  before 
the  commencement  of  the  paroxysm.  Where  stronger  or  weaker  currents 
were  employed  the  fact  is  stated. 

It  will  be  seen  that,  in  most  instances,  vagal  stimulation  results  in 
missed  auricular  contractions.  The  beats  may  be  dropj^ed  regularly,  with 
the  production  of  a  definite  reversed  heart-block  ratio,  or  the  increase  of  a 
pre-existing  ratio,  or  it  may  be  irregular.  In  none  of  these  instances  is  the 
rhythm  of  the  ventricle  affected.  In  Fig.  9,  three  auricular  beats  are  dropi^ed. 
and  the  response  of  the  large  escaped  beat  of  the  auricle  succeeds  a  marked 

*  In  most  instances,  but  not  in  all,  wlion  this  2:1  rhytlmi  is  present,  and  when   the  ventricle 
alternates,  the  auricle  responds  to  the  larger  ventricular  beat. 
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prolongation  of  the  Vs-As  interval.  The  figure  also  shows  a  return  to  the 
normal  or  sinus  rhythm,  later  in  the  experiment.  The  effect  of  the  large 
auricular  beat  ujDon  the  radial  pulse  should  be  noted. 


.  9.  Dog  M  ;  2.23-2.24.  The  figure  shows  the  falliug  out  ot"  tliree  aiirirular  Ijeats  as 
a  result  of  vagus  stimulation.  The  Vs-As  interval  of  the  first  auricular  response  is 
greatly  prolonged.  The  effect  of  the  large  auricular  lieat  ujwn  the  carotid  curve  is  well 
marked.  The  offset  of  the  paroxysm  to  the  normal  rhj-thm,  a  small  portion  of  wliich  is  shown, 
was  spontaneous. 


In  three  out  of  the  eight  experiments  (Dogs  I.  K,  and  M)  excitation  of  the 
vagus  produced  a  different  effect.  The  whole  heart  stood  still  for  a  variable 
time,  and  with  its  escape,  returned  to  the  normal  rhythm.  In  the  figure 
(Fig.  10),  the  standstill  of  the  auricle  chances  to  correspond  to  two  previous 
auricular  cycles,  but,  as  a  rule,  this  was  not  the  case.  The  rhythm  following 
the  standstill  is  interrupted  by  a  single  retrograde  extrasystole.  It  is 
questionable  whether  the  first  ventricular  beat  which  follows  the  stimulation 
is  a  response  to  the  auricle  or  not,  for  the  As-Vs  interval  is  reduced. 

The  occasional  and  complete  standstill  of  the  heart  does  not  affect  the 
arguments  subsequently  emjDloyed  in  these  pages,  but  it  is  of  interest  in  that, 
assuming  the  origin  of  the  paroxysmal  rh\-thm  in  the  ventricle,  it  demon- 
strates the  direct  control  of  the  ventricle  by  the  vagus  in  30  per  cent,  at 
least  of  the  animals  employed. 
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,  111.  Dug  il  :  2.3li.  The  curve  shows  an  occasional  effect  of  vagal  stimulation  during  a 
paroxysm.  In  the  early  part  of  the  cur\e  a  spontaneous  auricular  extrasystole 
occurs.  It  does  not  effect  the  ventricular  rhythm,  and  has  a  full  compensatory  pause. 
Stimulation  of  the  vagus  stops  auricle  and  ventricle,  pro\'ing  tlie  latter  to  be  subject  to 
vagal  control.  Tlie  normal  rhythm  is  resumed  after  an  aiu'icular  pause,  wliich  is  equivalent 
to  two  pre^ous  auricular  cycles,  but  this  is  probably  accidental.  The  slow  rh^-thm  is  in- 
terrupted by  a  single  ventricular  extrasystole  which  is  probably  retrograde. 


Alternation  of  the  auricle  during  the  paroxysms. 

Alternation  of  the  ventricle  is  of  common  occurrence  during  the 
paroxysms,  but  the  many  interesting  facts  observed  in  this  connection  must  be 
left  for  a  future  communication. 

Certain  points  noted  in  connection  with  alternation  may  be  briefly 
outlined.  Alternation  may  be  present  in  auricle  as  well  as  ventricle,  and 
the  alternation  in  one  and  the  other  may  not  coincide  from  beat  to  beat. 
Alternation  in  the  ventricle  may  or  may  not  coincide  \\ith  alternation  in  the 
carotid.  It  is  impossible  to  state  from  the  ventricular  curve  to  what  extent 
alternation  may  be  expected  in  the  carotid.  This  is  clearly  shown  by  Fig.  11. 
The  i^resence  of  extreme  alternation  may  render  its  detection  difficult,  and 
as  it  gradually  disappears  it  may  lead  to  an  apparent  doubling  of  the  pre- 
existing ventricular  rate.  Curious  and  sudden  alterations  in  the  amount 
of  alternation  may  occur.  When  a  2 : 1  reversed  heart-block  is  present,  and 
the  ventricle  shows  marked  alternation,  the  auricle  usually  responds  to 
the  more  forcible  ventricular  beat.  Alternation  is  shown  in  Figs.  2,  3,  4,  5, 
7,  0.  10,  and  11. 
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Fig.  11.  Dog  P;  1.00-1.56.  Vo  =  curvo  of  vohune  of  oxtenuil  jugular  voiii.  The  curve  is 
inverted,  as  in  Fig.  3.  The  figure  shows  the  onset  of  the  eighth  paroxysm.  To  the 
left  is  the  sinus  rhythm,  interrupted  by  tliree  extrasystoles  of  the  ventricle.  The  auricle 
beats  regularly  at  1 57.  The  venous  curve  shows  the  a  waves  to  be  regular,  and  slightly  delayed. 
To  the  right  is  the  commencing  paroxysm.  The  auricle  is  beating  at  177.  The  stimulus 
production  in  the  ventricle  is  at  the  rate  354.  Extreme  alternation  is  present,  but  the  weaker 
beats  are  only  just  perceptible.  Tlie  sudden  change  in  the  carotid  curve  is  possibly  the 
result  of  the  preceding  anomalous  auricular  contraction.  At  the  end  of  the  tracing 
one  of  the  stronger  beats  is  reduced  in  size  in  the  carotid  curve,  and  is  followed  by  a  beat 
of  equal  strength,  yet  the  tracing  of  the  ventricle  shows  no  change.  The  curves  passed 
gradually  to  those  in  which  alternation  was  easily  distinguishable  in  ventricular  and  carotid 
tracings.  The  venous  curve  shows  waves  marked  A;  and  o.  The  venous  curve  is  marked 
with  points  wliich  correspond  to  As  below  and  Vs  abo\e.  As  in  this  figure  the  paroxysm 
is  usually  accompanied  by  a  considerable  fall  of  blood  pressure. 


Venous  curves  obtained  during  the  paroxysms. 

Curves  of  venous  volume  were  obtained  in  many  of  the  exjDeriments. 
In  most  of  the  figures  they  have  not  been  included.  They  are  shown  in 
Fig.  3  and  in  Fig.  11.  They  are  inverted.  In  the  former  (Fig.  3)  a  short 
curve  is  shown  to  the  left  of  the  stops  in  which  a  and  w  waves  are  well  marked. 
In  the  succeeding  paroxysm,  in  which  complete  dissociation  is  i)resent,  the 
combination  of  a  and  v  waves  are  clearly  indicated.  With  the  establishment 
of  the  normal  rhythm  a  and  v  waves  appear  again.     In  Fig.  11,  taken  from 
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the  same  animal,  similar  curves  are  shown  to  the  left  of  the  stops.  The 
ventricular  extrasystoles  do  not  interfere  with  the  regular  a  waves.  To  the 
right  of  the  stops,  auricle  and  ventricle  are  contracting  simultaneously, 
and  as  ventricle  precedes  auricle,  so  a  wave  marked  k  jDrecedes  the  wave  a. 
The  alternate  beats  of  the  ventricle  are  too  feeble  to  affect  the  jugular  curve. 
The  tracing  is  of  chief  interest  in  that  all  waves  fall  within  the  period  of 
ventricular  systole,  as  in  clinical  nodal  rhythm  ;  further,  they  bear  at  least 
a  superficial  resemblance  to  the  clinical  tracings,  in  that  two  waves,  separated 
by  a  depression,  are  present. 


The  termination  of  the  paroxysms. 

The  jDaroxysms  may  terminate  in  several  ways.  Usually  there  is  an 
abrupt  return  to  the  normal  rhythm  (Fig.  10)*,  in  some  instances  they  pass 
into  fibrillation  of  the  ventricle. 

When  a  change  takes  place  from  tachycardia  to  the  original  sinus 
rhythm,  a  well-marked  pause  occurs.  It  is  necessariU^  longer  in  the  ventricular 
curve  than  in  the  auricular,  for  the  first  beat  of  the  normal  rh3-thm  is  a 
response  of  the  ventricle  to  the  auricle.  The  pause  varies  in  length,  and 
no  constant  relationship  exists  between  it  and  the  preceding  or  subsequent 
rhythmf.  In  this  respect  it  is  precisely  similar  to  the  pause  which  is  seen  at 
the  termination  of  jjaroxj^sms  met  with  in  patients  the  subject  of  paroxysmal 
tachycardia  (for  an  account  of  the  pause  in  such  a  case  see  Lewis,  this  Journal, 
Vol.  I,  p.  43).  A  similar  pause  has  been  recorded  by  Rihl'  in  an  exj^eriment  in 
which  auricular  tachycardia  was  produced  by  rapid  interrui^ted  stimulation 
of  the  auricle.  Presumably  the  pause  represents  the  time  taken  for  the  build- 
ing up  of  the  impulse  which  calls  forth  the  first  beat  of  the  normal  rhythm, 
but  there  seems  to  be  no  rational  explanation  of  its  variation  in  length,  or 
of  the  frequent  lack  of  harmony  between  it  and  the  spacing  of  the  beats 
which  are  adjacent  to  it.  It  is  probable  that  it  will  be  better  understood 
when  the  factors  inducing  the  change  from  one  rate  to  the  other  are  found. 
Its  length  and  variability  are  of  importance  in  certain  instances  in  excluding 
the  possible  presence  of  sino-auricular  block  ;  and  it  may  be  that  in  the 
future  it  will  be  found  to  constitute  a  valuable  sign  in  the  recognition  of 
clinical  paroxysms,  which  are  purely  myocardial  in  origin. 

When  the  paroxysm  ends  in  ventricular  fibrillation,  the  rate  of  contrac- 
tion of  the  lower  chamber  is  generally  very  rapid.  Tracings  of  the  change 
from  one  to  the  other  are  extremely  difficult  to  interpret.  It  is  impossible 
to  state  where  the  ventricular  rhj'thm  ends  and  the  fibrillation  begins,  the 

*  As  the  number  of  figures  is  alreeidy  large,  a  duplicate  curve  showing  the  spontaneous 
termination  of  a  long  paroxysm  in  the  normal  sequence  is  not  published. 

t  ^Miere  only  a  few  retrograde  beats  occur  before  the  pause  (as  in  Fig.  2),  the  auricular  pause 
may  be  equal  to  a  single  As-As  interval  of  the  preceding  rhj-thm.  ^Miere  the  pause  comes  aft«r  a 
long  paroxysm,  no  such  relationship,  and  no  constant  relationsliip  to  the  succeeding  rhythm  can 
be  estabUshed. 
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transition  point  cannot  be  fixed  by  the  most  careful  inspection  of  the  heart. 
Precisely  the  same  observation  applies  to  the  galvanometer  curves,  the  fast 
paroxysmal  curves  change  imperceptibly  into  those  which  characterise 
fibrillation.  The  galvanometer  curve  of  fibrillation  which  Kahn-  has  published 
is  a  typical  one,  it  consists  of  long  waves  of  surprising  excursion  arranged  in 
an  irregular  fashion.  The  curve  is  by  no  means  that  which  would  be  antici- 
pated from  our  knowledge  of  the  visible  movements.  Levers  attached  to 
the  ventricle  during  fibrillation  show  slight  irregular  and  comparatively  slow 
oscillations,  and  the  oscillations  of  the  mechanically  traced  curve  correspond 
to  the  waves  of  the  electric  curves  (cp.  Protocol  of  Dog  R).  A  general  under- 
lying movement  of  the  heart  wall,  apart  from  the  fibrillary  twitching, 
must  consequently  exist  when  the  ventricle  passes  into  this  state.* 


Fig.  12.  Dog  O  ;  12.53.  (Taken  between  Figs.  .">  and  (i).  The  eurve  is  an  example  of  a 
curious  slow  rhythm,  into  which  the  paroxysm  passed  on  two  occasions  in  this  experi- 
ment. The  rhythm,  of  which  three  (possibly  six)  beats  are  shown,  presented  a  mixture  of 
cycles,  in  some  of  which  auricle  and  ventricle  contracted  simultaneously,  in  others  aimcle 
preceded  ventricle,  and  in  yet  others  ventricle  preceded  auricle.  Neither  auricle  nor 
\entricle  were  exactly  regular  for  two  beats  together.  The  last  two  aiu-icular  beats  in  the 
figure  are  complicated  by  the  contraction  of  the  ventricle. 

In  one  animal  (Dog  O)  the  jiaroxysm  ended  on  two  occasions  in  a  slow 
rhythm  of  a  peculiar  nature  (Fig.  12).  It  consisted  of  a  slow  and  irregular 
contraction  of  the  ventricle,  and  of  a  similar  and  generally  equally  irregular 

*  Galvanometer  curves  during  auricular  fibrillation  have  since  been  obtained  ;  the  auricular 
movements,  whether  coarse  or  fine,  yield  currents  approximately  commensurate  with  such 
movements.  The  "rhythme  affole,"  of  the  ventricle,  which  accompanies  it,  produces  the  curve 
expected  ;  each  ventricular  beat  is  accompanied  by  R  and  T  waves,  similar  to  those  of  the 
preceding  and  succeeding  normal  beats.  While  the  abnormal  rhythm  is  present,  therefore,  the 
impulses  which  give  rise  to  it  reach  the  ventricle  along  the  usual  path. 
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action  of  the  auricle.  Some  of  the  auricular  beats  could  be  interpreted  as 
retrograde  responses,  others  (which  are  not  shown  in  the  figure)  of  more 
occasional  occurrence,  as  responses  of  the  ventricle  to  auricle.  A  few  con- 
tractions, as,  for  example,  the  first  of  those  seen  in  the  figure,  demonstrate 
simultaneous  s3'stole  of  auricle  and  ventricle.  The  nature  of  this  rhythm 
is  quite  obscure.  It  could  not  be  produced  by  stimulation  of  the  vagus 
during  the  paroxysms.  It  appears  to  bear  some  relationship  to  the  rhythm 
described  by  Mackenzie  in  the  first  number  of  this  Journal  under  the  title 
"  Nodal  bradj-cardia." 

When  the  paroxysm  ceases  at  the  re-establishment  of  the  normal 
rhythm  certain  irregularities  are  noticed  which  have  been  described  already. 
They  take,  almost  always,  the  form  of  ventricular  extrasystoles.  They  are 
more  commonly  retrograde  than  those  which  precede  the  tachj'cardia.  An 
example  of  regularly  occurring  retrograde  beats  is  given  in  Fig.  13.  A  single 
retrograde  contraction  is  also  depicted  at  the  termination  of  a  paroxysm 
under  vagal  stimulation  in  Fig.  10. 


Fig.  13.  Dog  K  :  1.52.  The  ciirve  was  taken  3  minutes  after  the  cessation  of  a  paroxysm. 
It  shows  bigenainy  of  auricle  and  ventricle,  due  to  retrograde  extrasystoles.  The 
bigerainj'  is  less  marked  in  the  auricle  than  in  the  ventricle,  by  the  sum  of  the  As-Vs  and 
Vs-.-is  intervals. 

Before  passing  to  a  general  discussion  of  the  nature  of  the  abnormal 
mechanisms  of  cardiac  action  described  in  the  foregoing  pages,  a  table  is 
given  in  which  a  general  outline  of  the  more  striking  events  which  have  been 
recorded  is  given.  (On  the  left  of  the  table  the  rhythm  preceding  the  paroxysm 
is  stated  ;  bracketted  to  it  are  the  conditions  of  paroxj'sm  into  which  it  may 
pass  (V.P.  =  ventricular  paroxj-sm)  ;  bracketted  to  each  of  these  again, 
are  the  events  which  may  follow :  and  so  the  table  continues  lantil  the  normal 
rhythm  or  ventricular  fibrillation  is  established.  To  the  right  of  each  line  the 
jiarticular  paroxysm  or  paroxysms,  sketched  in  this   w&y,  are  indicated. 
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Thus,  "  Normal  rhythm  with  or  without  ventricular  or  retrograde  extra- 
systoles  "  may  give  place  to  one  of  three  conditions,  and  each  of  these  in 
turn  mav  terminate  in  two  or  more  wavs.) 
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The  galvaxometer  curves  of  the  extrasystoles  axd 
of  the  beats  of  the  paroxysms. 

The  curves  taken  with  the  galvanometer,  with  simultaneous  records  of 
auricular  and  ventricular  movements,  allow  of  a  very  accurate  analysis  of 
the  heart's  mechanism,  from  time  to  time.  In  the  interpretation  of  the  curves 
it  must  not  be  forgotten  that  the  current  was  led  from  the  Hmbs,  with  the  chest 
wall  open,  and  that  a  large  portion  of  the  ventricular  musculature  was  in  a 
state  of  partial  or  complete  inactivity.  Therefore,  it  cannot  be  expected 
that  the  curves  will  be  exact  dujDlicates  of  what  are  now  regarded  as  normal 


,  14.  Dog  R ;  12.17.  E  is  the  galvanometer  curve.  From  first  to  last  the  curve 
shows,  response  of  ventricle  R,  to  auricle  P  ;  ventriciJar  extrasystole  consisting  of  two 
waves  (first  and  second  base  negative  waves)  uiron  the  first  of  which  the  auricular  wave 
is  superimposed  ;  response  of  ventricle  to  aiu-icle  ;  ventricular  extrasystole  with  P  falling 
slightly  before  it  ;  ventricular  extrasystole  with  P  falling  on  En,  ;  retrograde  extrasystole 
with  the  auricular  wave  small  and  inverted  ;  response  of  ventricle  to  auricle.  The  curve 
demonstrates  the  anomalous  character  of  the  electric  curve  of  a  retrograde  auricular  response. 
Corresponding  points  are  exactly  vertical  over  each  other. 


Fig.  15.      Dog  R  :    12.40.    The  electric  ciu've,  which  shows  a  normal  response  and  an  extrasystole. 
is  given  for  comparison  with  the  next  figure. 

curves  :   yet.  on  the  whole,  they  show  a  very  close  approximation  to  them*. 
In  all  the  normal  curves  shown  (Figs.  14  and  15)  the  P  wave  of  the  auricle. 

*  The  cutting  out  of  large  areas  of  the  musculature  by  obstructing  the  blood  supply,  should 
ultimateh'  prove  of  value  in  arrixing  at  conclusions  as  to  the  manner  in  which  the  normal  elec- 
trocardiogram is  produced. 
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and  the  first  or  R  wave  of  the  ventricle  stand  out  clearly.  In  the  figures, 
ventricular  extrasystoles  are  also  represented.  They  are  all  alike,  and  consist 
of  two  peaks  (Enj  and  En.,),  disi^lacements  in  a  direction  indicating 
negativity  of  the  basal  end  of  the  ventricle.  The  size  of  the  peaks  varies, 
for  here  and  there  the  P  waves  are  superimposed  upon  them.  Ventricular 
extrasj^stoles  are  shown,  to  which  the  auricular  contractions  bear  varying 
relationships.  Thus,  P  is  illustrated  as  falling  directly  before  the  extra 
contraction,  or  coinciding  with  En^  or  En,.  In  other  curves  the  P  wave  fell 
after  the  extrasystolic  curve*. 

In  Fig.  14  a  row  of  three  extrasystoles  is  seen,  of  which  the  third  or  last 
has  affected  the  auricular  rhythm.  The  point  at  which  the  retrograde  auri- 
cular beat  has  arisen  is  represented  in  the  galvanometer  curve  by  a  slight 
depression.  The  normal  P  wave  is  coinplettly  absent.  Such  was  the  case  f 
wherever  premature  beats  of  the  auricle,  which  could  be  interpreted  as 
retrograde  beats,  took  place.  The  atypical  auricular  wave,  which  was 
anticipated  in  a  previous  communication,  is  exj^lained  if  we  assume  that 
the  auricle  contracts  from  below  upwards,  and  if  we  regard  the  galvanometer 
curve  as  the  expression  of  the  direction  of  contraction  in  the  heart. 
The  observation  is  of  importance  in  consideration  of  the  electrocardio- 
graphic curves  in  instances  of  so-called  nodal  rhythm,  or  pulsus  irregularis 
perpetuus,  as  it  occurs  in  man.  In  these  curves  all  sign  of  P  waves 
is  absent,  but  it  is  obvious  that  on  this  account  we  have  no  right  to  assume 
that  the  auricle  is  inactive.  A  further  analysis  of  the  phenomena  would 
be  of  considerable  value  in  interpreting  clinical  irregularities  in  which  simul- 
taneous contraction  of  auricle  and  ventricle  is  suspected. | 

The  curves  of  the  beats  of  the  paroxysm  itself  are  given  in  Fig.  16,  and  a 
comparison  with  the  curves  representing  extrasystoles  interrupting  the 
normal  rhythm  shows  their  close  similarity  to  these.  Each  consists  of  two 
peaks,  which  have  been  marked  En,  and  En.,  respectively.  The  ventricular 
curve  accompanying  the  electrocardiogram  curve  is  obscure,  but  the 
beats  of  the  auricle  are  distinct  though  weak.  Two  are  shown  in  the 
figure ;  the  remaining  vibrations  are  transmitted  from  the  ventricle. 
The  occasional  auricular  contractions  scarcely  affect  the  galvanometer  curve. 
There  is,  perhaps,  a  slight  deepening  of  the  depression  between  the  peaks  of 
adjacent  ventricular  systoles. 


*  The  direction  of  the  extrasystolic  electric  waves  is  opposed  to  the  view  Eidopted  by 
Kraus  and  Xicolai-',  that  when  the  primary  wave  is  in  this  direction,  the  right  ventricle 
contributes  more  to  the  contraction  than  tlie  left.  We  are  dealing  with  an  instance  in  which 
the  right  ventricle  is  probably  less  active  than  the  left.  That  the  beats  have  their  origin  in 
the  right  ventricle  is  a  conclusion  compatible  with  the  statements  of  these  authors,  and  with  the 
present  observations. 

f  The  usual  P  wave  was  always  absent,  but  at  times  the  dip  in  the  reverse  direction  was 
indistinct  or  absent. 

I  The  writer  has  several  galvanometer  curves  from  patients  in  whom  auricular  extrasystoles 
were  shown  by  polygraph  tracings.  These  curves  demonstrate  conclusively  the  anomalous 
character  of  the  auricular  current,  when  it  is  due  to  an  auricular  contraction  arising  from  an 
impulse  other  than  a  sinus  impulse. 
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Fig.  16.  Dog  R  ;  12.56.  The  ventricular  paroxysm  is  shown.  The  auricle  is  beating  irregularly, 
but  usually  as  1  to  6.  Tlie  auricular  beats  are  retrograde  responses,  and  tend  to  deepen 
the  dips  of  the  electrometer  curve.  The  close  resemblance  of  the  individual  beats  to 
the  extrasystole  of  Fig.  15  is  apparent.  The  rate  is  420  per  minute.  The  curve  passed 
directly  to  that  of  fibrillation,  and  it  was  impossible  to  say  where  one  ended  and  the  other 
began. 


The   point   at   which  the  paroxysms   have   their  origin. 


For  descriptive  purposes  it  has  been  convenient  to  assume  the  origin 
of  the  tachycardia  in  the  ventricle.  Having  now  full  access  to  the  collected 
evidence,  the  j^roof  of  this  assumption  may  be  given. 

The  lesion  produced  is  essentially  one  of  the  cardiac  muscle,  and,  a 
priori,  any  abnormalities  of  rhythm  resulting  therefrom  might  be  assigned 
to  the  altered  conditions  prevailing  in  the  walls  of  the  heart.  There  can  be 
no  question,  in  the  case  of  the  tachycardia  considered,  but  that  it 
arises  independently  of  all  central  nervous  control.  Emi^hasis  upon  this 
point  is  necessary,  for,  in  the  jDast,  sudden  accelerations  of  cardiac  rate 
have  been  too  frequently  attributed  to  altered  innervation. 

It  remains  to  determine  more  accurately  the  exact  locality  in  which  the 
fast  rhythm  arises.  We  have  seen  that  during  the  paroxysm  the  Vs-As 
interval  shows  constancy,  and  that  various  grades  of  heart-block  may  be 
established,  either  spontaneously  or  as  a  result  of  vagal  stimulation,  between 
the  two  chambers.  As  opposed  to  the  usual  condition  the  phenomenon  is 
reversed,  and  it  is  the  rate  of  the  auricle  which  is  reduced.  Further,  as  a 
result  of  vagal  irritation  the  auricle  may  be  brought  to  a  standstill ;  again, 
spontaneous  fibrillation  of  the  auricle  may  supervene.  In  all  these  conditions, 
if  the  paroxysm  continues,  as  it  usually  does,  the  ventricular  rhythm  is 
absolutely  unaffected.  Moreover,  while  the  ventricle  beats  at  a  paroxysmal 
rate  the  auricle  may  continue  to  respond  to  impulses  arising  at  a  higher 
level.  Further,  extrasystoles  arising  spontaneously  in  the  auricle  have 
a  full  compensatory  pause,  and  do  not  affect  the  ventricular  rhythm  (Fig.  10 
and   explanatory   remarks).      The   position   is   entirely    reversed ;    for    the 
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recognised  characteristics  of  the  ventricular  cxtrasystole  are  portrayed  in  the 
auricle. 

These  facts  are  sufficient  to  demonstrate  that  the  ventricular  rhj-thm  is 
independent  of  irajjulses  received  from  the  auricle.  The  new  rhj'thm  ma}' 
arise  in  one  of  two  conceivable  ways.  The  ventricle  may  constitute  the  pace- 
maker of  the  heart,  or  it  maj'  respond  to  impulses  arising  from  an  independent 
area  at  a  higher  level,  a  focus  from  which  it  might  be  supposed  that  stimuli 
travel  with  greater  facility  to  the  ventricle  than  to  the  auricle.  It  is  difficult 
to  imagine,  in  the  face  of  the  evidence,  in  what  part  of  the  musculature  such 
a  focus  might  lie,  and  such  a  hj^othesis  is  strongly  negatived  by  the  fact 
that  the  Vs-As  interval  during  the  paroxysm  exceeds  that  of  the  As-Vs 
interval  of  the  normal  rhythm,  and  more  particularly  by  the  fact  that 
the  same  relationship  holds  when  a  reversed  rhythm  is  artificially 
excited  by  electric  stimulation  of  the  ventricle  (Bayliss  and  Starling',  and 
others*).  The  proposition,  that  the  ventricle  is  the  starting  point  of  the 
new  rhythm,  is  estabUshed  by  an  examination  of  the  muscular  area  damaged 
by  ligation.  When  solely  ventricular  muscle  is  included  in  the  lesion,  extra- 
systoles  of  the  ventricle  alone  are  met  \^-ith  as  the  preliminarj-  irregularity. 
In  the  case  of  the  third  experiment  (Dog  C),  paroxysms  in  every  way  compar- 
able to  those  obtained  in  the  later  experiments  were  recorded,  and,  in  this 
instance,  only  a  small  portion  of  the  ventricular  musculature  was  thrown 
into  a  pathological  condition.  We  may  consecpiently  conclude  that  the 
paroxysms  arise  in  the  ventricular  walls.  The  evidence  which  has  been 
given,  is  supported  still  further  by  the  nature  of  the  irregularities  directly 
preceding  and  succeeding  the  paroxysm.  The  majority  of  the  interrup- 
tions of  the  normal  rhythm  are  recognised  as  extrasystoles  of  the  ventricle, 
and  it  is  highly  probable  that  the  paroxysm  itself  is  nothing  more  than 
a  succession  of  these  beats  ;  a  conclusion  which  is  warranted  by  the  following 
facts.  In  most  instances  the  parox3-sm  is  foreshadowed  bj'  the  occurrence 
of  ventricular  extrasystoles,  which  more  and  more  tend  to  appear  in  groups. 
In  many  cases,  the  occurrence  of  several  beats  of  this  nature  results  in  an 
interruption  of  the  auricular  rhythm,  a  result  attributable  to  retrogression 
of  the  last  spontaneous  ventricular  contraction.  As  the  onset  of  the 
paroxysm  approaches,  the  retrograde  contractions  increase  in  frequency, 
until  eventually,  with  the  establishment  of  the  continuous  intrinsic  ven- 
tricular rhythm,  the  auricle  responds  regularly.  The  Vs-As  interval  of  the 
single  retrograde  beat  and  the  intervals  during  the  paroxysm  are  com- 
patible. The  beats  of  a  row  of  retrograde  extrasystoles  are  frecpiently  at  the 
same  rate  as  those  of  paroxysm,  out  of  which  they  arise.  Preciselj'  similar 
arguments  apply  to  the  offset  of  the  paroxysm,  and  the  irregularities  which 
interrupt  there-established  normal  rhythm.    Finall}',  the  galvanometer  curves 


*  The  figures  for  dogs  given  by  Bayliss  and  Starling  are  : — As-Vs=0'15-0"U)  sec,  and  Vs-As  = 
0'19-022  sec.  ;  the  difference  is  in  close  agreement  with  the  difference  in  the  averages  found  in 
these  experiments,  namely  0'04  sec. 
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show  a  close  resemblance  between  the  extrasystolic  contractions  and  those 
of  the  tachycardia  itself.  It  may  be  concluded,  therefore,  that  the  paroxysm 
has  its  origin  in  the  ventricular  musculature,  and  that  it  is  constituted 
by  the  establishment  of  a  continuous  succession  of  those  beats  which  are 
usually  designated  extrasystoles.* 

The  level  at  which  the  new  or  ectojaic  rhythm  arises  in  the  ventricle  is 
alone  in  doubt,  and  these  observations  throw  insufficient  light  upon  it. 
The  similarity  of  the  paroxysms,  as  they  occur  from  one  animal  to  the 
next  in  ligation  of  the  right  coronary  artery,  might  suggest  that  some 
specially  excitable  focus  exists  in  the  right  ventricular  walls  which  is 
peculiarly  susceptible  to  the  disorder  of  nutrition  accomjilished  by  such 
ligation.  The  nature  of  the  electric  curve  and  the  regularity  of  the  rhythm 
are  sufficient  to  demonstrate  that  the  beats  arise  from  a  common  and  restricted 
area.  That  the  ectopic  rhythm  probably  arises  in  the  damaged  area  is  self- 
evident,  and  it  is  further  probable  that  the  impulses  are  formed,  not  in  the 
centre  of  such  an  area,  but  at  its  border,  where  the  muscle  is  still  living, 
and  where  it  is  indifferently  supplied  with  bloodt.  It  may  be  sujijiosed 
that  the  paroxysm  is  the  result  of  a  local  and  enhanced  irritability,  the 
offspring  of  anaemia. 


The  relation  of  experimental  to  clinical  observations. 

Paroxysmal  tachycardia  projierj  occurs  in  man,  and  has  received  much 
careful  study.  It  is  now  definitely  known  to  exist  in  at  least  two  forms. 
It  may  spring  from  a  high,  or  may  originate  at  a  low,  level  of  the  heart. 
The  actual  points  of  origin  have  not  been  definitely  determined  in  man,  but 
the  evidence  leads  to  the  belief  that  in  one  form  the  focus  in  question  is 
certainly  higher  than  the  main  mass  of  auricular  tissue,  and  in  the  other  form 
lower  than  the  musculature  of  the  auricle.  The  last-mentioned  type  may 
depend  upon  a  reaction  of  the  musculature  to  ectopic  impulses  having  their 
birthplace  in  the  node  or  other  part  of  the  conducting  system,  or  in  the 


*  If  it  is  recognised  that  the  paroxysm  is  constituted  by  frequent  extrasystoles  of  a  nature 
similar  to  those  which  precede  its  onset  an  interesting  consideration  arises.  Taking,  for  instance, 
the  paroxysm  exemplified  in  Fig.  11,  if  it  is  assumed  that  extrasystolic  and  paroxysmal  beats 
are  originally  of  the  same  nature,  the  alternation  which  is  commencing  to  manifest  itself  requires 
explanation.  The  primary  assumption  leaves  us  with  one  of  two  alternatives  ;  either  the 
extrasystoles  are  double  from  the  first,  or  the  alternation  shown  is  de  novo  in  its  origin,  that  is 
to  say,  the  heart  has  doubled  its  rhythm  by  a  continuous  interpolation  of  beats.  The  argument 
tends  to  weaken  the  primary  assumption  that  extrasystolic  and  paroxysmal  beats  are  of  a  like 
nature  in  so  far  as  this  particular  instance  is  concerned. 

t  The  borders  of  the  areas  damaged  by  the  right  and  left  coronary  artery  ligation  are  contiguous 
in  the  right  ventricular  musculature  ;  if  a  specially  excitable  area  is  assumed,  it  necessitates  the 
placing  of  the  focus  on  this  di\-iding  line  ;  the  existence  of  a  specially  irritable  focus  upon  this 
line  is  too  improbable  to  render  its  assumption  justifiable. 

%  By  paroxysmal  tachycardia  properismeant  the  periodic  appearance  of  an  accentuated  rhythm 
arising  suddenly  and  ending  abruptly  without  the  intervention  of  transitional  rates. 
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ventricular  musculature  itself.  In  this  type  it  may  also  be  that  from  case 
to  case  the  level  of  origin  varies,  but  whether  this  is  so  or  not,  there  is 
strong  presumptive  evidence  in  a  given  instance  that  such  a  rhythm  is  uni- 
focal in  origin.  The  absence  of  complete  evidence,  both  in  the  case  of  the 
clinical  "  nodal  or  ventricular  "  paroxysms*  and  in  the  case  of  the  experi- 
mental paroxysms  described  above,  precludes  their  absolute  identification 
one  with  the  other  at  the  present  time.  Neither  is  this  identification  essential. 
In  both  instances  we  are  dealing  ^\"ith  automatism  of  the  musculature  at  a 
low  level.  In  both  we  have,  under  consideration,  a  rhythm  eminently 
pathological,  in  which  the  rate  is  far  in  excess  of  the  normal  sinus  rate.f 
In  both  the  sinus  rhythm  is  dominated  by  the  ectopic  rhythm;  in  both  the 
onset  and  offset  are  equally  abrupt  ;  in  both  a  pronounced  tendency  towards 
termination  in  sudden  death  is  manifested,  in  the  experimental  instance,  and 
perhaf)s  in  the  clinical  instance  also,  the  outcome  of  fibrillation.  In  both  the 
ventricle  exhibits  signs  of  exhausted  function,  notably  demonstrated  bj'  the 
co-existence  of  alternation  in  the  force  of  the  contractions,  and  by  the 
dilatation  of  the  heart.  The  analogy  is  close,  and  the  underlying  factors  of 
causation  have,  therefore,  much  in  common.  And  so,  knowing  that  the 
experimental  variety  is  a  result  of  disordered  nutrition,  the  outcome  of 
anaemia,  we  are  led  to  seek  a  similar  pathogeny  for  the  clinical  variety. 
The  human  post  mortem  records  are,  at  present,  few,  but  in  a  case  recorded 
by  Mackenzie*,  it  is  reported  that  an  artery  suppljnng  the  bundle  was 
obhterated. 

The  experimental  evidence,  by  conclusively  demonstrating  the  possible 
origin  of  a  rapid  ectopic  rhythm  in  the  ventricle,  a  division  of  the  musculature 
known  to  possess  under  ordinary  circumstances  a  grade  of  automatism  which 
is  comparatively  low,  arouses  a  conviction  that  under  suitable  circumstances 
a  similarly  accelerated  rhythm  may  be  generated  at  anj-  level  of  the  heart. 
Thus  it  happens  that  in  those  clinical  paroxysms,  where  the  auricle  is  pace- 
maker to  the  ventricle,  but  where  otherwise  the  characteristics  of  the  attacks 
are  similar  (the  characteristics  referred  to  are  the  sudden  onset  and  offset, 
the  accentuated  rate  and  the  variable  pause  which  separates  normal  and 
ectopic  rhythm),  a  like  pathology  is  open  to  suspicion.  And  it  further 
happens,  when  it  is  understood  that  the  clinical  evidence  per  se  points  to  an 

*  One  of  the  most  striking  eWdences  of  the  seat  of  origin  of  these  rhj-thms  is  indirect.  Clinically, 
they  are  so  closely  aUied  to  nodal  rh\-thm  itself,  that  their  entity  with  nodal  rhj-thm  is  more 
than  suspected.  The  electrocardiogram  of  nodal  rh\-thm  patients  is  almost  constant  from  beat 
to  beat  and  from  case  to  case.  The  auricular  wave  is  not  to  be  found  and  the  ventricular  portion  of 
the  curve  is  often  almost  a  duplicate  of  the  normal  ventricular  curve.  From  this  it  may  be  argued 
that  the  contraction  wave  follows  its  usual  course  in  the  ventricle,  or  in  other  words,  starts  at  or 
near  the  ventricular  end  of  the  A-V  bundle.  Tlie  similarity  from  beat  to  beat  strongly  supports 
the  \iew  that  the  rhythm  is  unifocal  in  origin.  (This  note  is  based  upon  an  examination  of  10  such 
patients  and  upon  a  comparison  of  the  curves  obtained  with  those  published  by  Einthoven 
(  Archiv  Internal,  d.  Physiol.,  1906,  iv.  Fig.  31),  and  Hering  {Deutsch.  Archie  j.  klin.  Med., 
1908,  xciv,  Taf.  II).) 

t  Tlie  rate  of  tlio  nodal  or  ventricular  paroxysm  of  man  varies  according  to  different 
observers  from  approximately  180  to  240  jier  minute. 
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intrinsic  cardiac  cause,  that  the  proposition  of  a  i^arallel  causation  enters 
the  domain  of  rational  hyjiothesis. 

With  a  full  consideration  of  the  facts  we  are  led  to  the  anticipation  that, 
just  as  extrasystolic  contractions  may  spring  from  any  level  of  the  heart, 
and  that  such  contractions  are  independent  of  the  nervous  supply,  so 
likewise  continuous  rhythmic  impulse  formation  at  many  levels  will  be 
found  in  the  future.  Neither  can  we  draw  any  hard  and  fast  line  between 
the  production  of  single  impulses  and  successive  impulses,  in  the  present 
state  of  our  knowledge.  If,  as  evidence  accumulates,  it  can  be  shown  that 
the  one  is  generated  in  some  more  primitive,  or  some  specially  modified 
portion  of  the  musculature,  the  same  evidence  will  supjjort  the  origin  of 
the  other  in  similar  tissue.  It  is  to  the  primitive  tissue,  which  Gaskell  and 
others  have  shown  to  jjossess  the  projierty  of  rhythmicity  in  such  marked 
degree,  that  the  closest  attention  should  be  directed. 


Conclusions. 

1.  Ligation  of  coronary  arteries  and  their  branches  is  a  valuable 
method  of  investigating  spontaneous  extrasystoles  (ectopic  beats)  and 
ectopic  rhythms. 

2.  Ligation  of  the  descending  branch  of  the  left  coronary  artery  in 
dogs  leads  to  ventricular  extrasystoles,  single,  successive,  and  retrograde. 
They  occur  at  varying  intervals  in  diastole,  and  may  give  rise  to  bigeminy 
or  trigeminy.    Paroxysmal  tachycardia  is  also  produced. 

3.  Ligation  of  the  complete  right  coronary  vessel  calls  forth — auricular, 
"nodal"  and  ventricular  extrasystoles,  isolated  at  long  intervals,  frequent 
and  regularly  placed  or  in  groups.  Interpolations  may  occur.  Paroxysmal 
tachycardia  is  also  produced. 

4.  The  paroxysmal  tachycardia  produced  as  a  result  of  ligation  of  one 
or  other  artery  is  of  very  constant  form,  and  occurs  frequently.  It  consists 
of  a  rajjid  regular  rhythm,  having  its  origin  in  the  ventricular  musculature; 
it  is  not  the  result  of  altered  innervation.  Its  rate  varies  from  140  to  420 
per  minute.  It  is  usually  paroxysmal,  and  the  attacks  last  from  a  few 
seconds  to  35  minutes. 

5.  The  individual  paroxysms  are  heralded  by  ventricular  extra- 
systoles, many  of  which  are  retrograde.  The  irregularities  disturbing  the 
rhythm  after  its  return  to  the  normal  are  of  a  similar  nature.  It  is  probable 
that  there  is  no  essential  difference  between  the  impulses  giving  rise  to 
extrasystolic  and  paroxysmal  beat  in  most  instances. 

6.  At  the  onset  of  a  i^aroxysm  the  auricle  may  resi^ond  to  sinus  or 
ventricle,  or  may  pass  into  fibrillation.  Fibrillation  of  tlie  auricle  terminates 
in  response  to  sinus  or  in  response  to  ventricle. 
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7.  The  paroxysm  of  the  ventricle  terminates  in  a  return  to  the 
normal  rhythm,  or  more  rarely  in  fibrillation  of  the  ventricle  ;  on  two 
occasions  it  ended  with  the  onset  of  a  slow  abnormal  rhythm. 

8.  Reversed  heart-block,  showing  most  of  the  characteristics  of  the 
usual  condition,  is  met  with  during  the  paroxysms. 

9.  Alternation  is  common  during  the  paroxysms,  and  is  not  entirely 
dependent  upon  the  rate  with  which  contractions  follow  each  other. 

10.  Paroxysmal  tachycardia  proper,  as  met  with  in  experiment  and 
in  man,  is  the  result  of  intrinsic  change  in  the  heart  walls,  giving  rise 
to  the  production  of  ectopic  impulses. 

11.  There  is  a  gradual  and  not  a  sudden  transition  from  the  con- 
tractions of  a  rapidly  contracting  heart  to  those  of  fibrillation,  the  one 
condition  passes  insensibly  into  the  other.  The  electrocardiogram  of 
fibrillation  is  a  verj-  special  one  (Kahn),  and  appears  to  depend  upon  some 
general  and  comparatively  slow  underlying  movement  in  the  heart 
muscle. 

12.  In  the  interpretation  of  arterial  pulse  tracings,  the  relation  of 
auricular  to  ventricular  systole  may  be  a  very  important  one. 

13.  Retrogression  of  ventricular  contraction  to  the  auricle  depends  in 
some  degree  upon  education  of  contraction  in  this  direction.  A  s3'stole  of 
the  auricle  called  forth  in  this  way  produces  a  highh'  atypical  electrocardio- 
graphic curve.  At  present  it  cannot  be  concluded  from  the  electric  curves 
of  nodal  ryhthm  that  the  auricular  contraction  is  absent. 

14.  Electrocardiographic  curves  afford  valuable  indications  of  the 
point  of  origin  of  those  abnormal  heart  beats  which  are  so  frequently  met 
with  clinically. 

15.  In  the  dog  the  ventricle  is  certainly  under  control  of  the  vagus, 
in  some  instances  at  least. 
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ABBREVIATED    PROTOCOLS. 


12.23.      First  ligature  applied,  including  the  whole  of  the  descending  branch  of  tlie  left 

coronary  artery,  and  accompanying  veins. 
12.34.     As  no  irregularity  appears,  a  second  ligature  is  placed  at  the  termination  of  the 

same  vessel. 
12.42.     The  heart's  action  remaining  regular,  a  third  ligature  is  placed  on  the  same  vessel 

in  the  upper  third  of  its  course. 

1.6.  Both  vagi  divided.     Heart  still  regular. 

1.7.  Occasional  VEs*. 
1.10.     Frequent  VEs. 

1.12.  Heart  beating  regularly.  Fourth  ligature  placed  to  include  the  same  artery,  and 
a  large  branch  springing  from  the  lowest  third  of  its  course. 

1.17.  Frequent  VEs,  some  early  in  the  cardiac  cycle  and  some  late  ;  occasional  periods  of 
bigeminy.     Extrasystole  in  which  A  and  V  are  premature  and  synchronous. 

I.IS.     Frequent  VEs. 

1.20.      Pulsustrigeminus(asaresultof  a  single  VEs  occurring  after  each  second  normal  beat). 

1.24;    1.25;    1.30.     VEs,  usually  single,  occasionally  two  in  succession;   pulsus  bigeminus. 

Extrasystoies    in    wliich    the   contraction    in    Af  and  VJ    is  s_\Tichronous  and 

premature  ;    shortened  pause. 
1.3o.     Occasional  VEs.    Auricle  beating  regularly  at  92  ;   As-Vs  =  O'lO  sec. 

1.40.  Onset  of  paroxysm  ;  V  beating  at  165  with  marked  alternation  ;  A  contracting 
at  90,  complete  dissociation  ;  A  responds  very  occasionally  to  V.  The  paroxysm 
lasts  less  than  one  minute,  terminating  in  a  ventricular  pause  of  0'75  sec. 
The  normal  rhythm  starts  with  response  to  A  at  95  ;  As-Vs§  =  O'll  sec.  ;  VEs 
(single  and  in  pairs)  present. 

1.43.  Onset  of  second  paroxj-sm  ;  V  rate  153  ;  A  responding  with  occasional  dropped  beat ; 

Vs-As  =  0"28  sec.     Paroxysm  lasted  about  one  minute. 

1.44.  Return  to  normal  rhji:hm,  with  frequent  VEs. 

1.55-3.5.  Heart  regular  ;  vagal  stimulation  slows  whole  heart  with  synclu'onous  escape 
of  A  and  V. 

4.37.  During  the  remainder  of  the  experiment  the  heart  beats  regularly  and  normally, 
with  the  exception  of  a  very  occasional  VEs,  and  extrasystoies,  in  which  A  and  \^ 
contract  prematurely  and  together.  Xumerous  weak  vagal  stimulations  invari- 
ably produce  2:1  heart-block  during  the  continuation  of  the  normal  rhythm. 
The  ventricle  is  faradised  and  fibrillates.  The  whole  of  the  ligatod  area  fails 
to  fibrillate,  it  has  been  li\id  and  ballooned  during  the  greater  j)art  of  tlie 
experiment. 

*  VEs  signifies  ventricular  extrasystole. 
t  A  =  auricle.  i  V  =  ventricle. 

§  .4s  =    auricular  systole  ;    Vs    =    ventricular  systole.       As-Vs  =    interval  between  onset  of 
auricular  and  ventricular  systole. 
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11.49.  Ligation  of  the  whole  right  coronary  artery. 

11.52.  First  irregularity  noted. 

11.53.  AEs*  single  and  successive. 
11.57.  Both  vagi  cut. 

12.0.        Right  ventricle  not  contracting  perceptibly.     Heart  regular.     Stimulation  of  vagus 

causes  slowing  of  the  whole  heart  with  escape  of  A. 
12.10.      Vagal  stimulation  causes  slowing  of  whole  heart  with  staircase  in  force  of  auricular 

contraction  on  recovery,  on  two  occasions. 
12.47.      Heart  beating  regularly  since  12.10,  with  very  occasional  VEs. 

1.12.     Normal  rhythm  with  occasional  VEs  ;    rate  105  ;    As-Vs=  0"12  sec. 

1.14.  Onset  of  paroxysm.     Rate  of  V  170  regular;    A  responding  regularly.     Vs-As  = 

013  sec.  (As-Vs  =   about  0-23  sec). 

1.15.  Irregular  bigeminal  action  of    V;   A  responding  to  each  beat.     Rate   180;    V's-As 

constant  at  014  sec.  ;    As-Vs  varying  from  02  to  05  sec. 

1.16.  Stimulation  of  vagus  produces  dropping  out  of  3  auricular  beats  in  4.     V  unaffected. 

1.20.     Vagal  stimulation  produces  2:1  reversed  heart-block.      Later  AEs  occurs  with  full 
pause. 

1.25.  Same  rhythm  continues.     Rate  210.     \'s-As  =  0'15  sec 

1.26.  Auricular  response  occasionally  missed.    Rate  180. 

1.2S.     Same  rhythm.     A  and  V  beating  at  228.     Vs-As  =  0'16  sec. 
1.45.     Same  rliythra  has  continued  until  this  time,  when  V  fibrillates. 


12.23.      Ligation  of  right  coronary  vessels.     Immediately  followed  by  lividity  of  the  whole 

muscle  included. 
12.311      Both  vagi  cut.     Rate  72  ;    As-Vs  =  0-12  sec. 

12.41.      Stimulation  of  vagus  causes  slowing  of  the  whole  lioart  with  staircase  in  the  force 

of  aiuricular  contraction  on  recovery. 
12.45.      First  irregularity  observed.     Not  recorded. 

12.52.      Frequent   single   extrasystoles.      A    and   V   both    prematiu'e.      Pause    ahuost    full. 
Vs-As  of  extrasystole  =  0'13  sec. 

12.58.  Occasional  AEs  with  shortened  pause. 

12.59.  AEs  and  REsf. 

1.6.        Frequent  Es  of  several  types.     AEs,  early  and  late  ;    REs,  early  and  late,  and  in 

groups. 
1.12.     Occasional  AEs. 

*  AEs  =    auricular  extrasystole. 

t  REs  is  used  to  designate  the  extrasystoles  described  at  12.52  of  this  experiment ;  they  are  tliose 
in  which  A  and  V  are  premature  and  in  wliich  the  Vs-As  interval  is  of  such  a  length  that  As 
may  be  considered  as  a  response  to  Vs. 
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1.14.  Grou)3s  of  successive  AEs. 

1.15  ;  1.17.      Frenuent  Es  of  the  forms  above  described.     Bigerainus  as  a  result  of  AEs. 

1.20.  AEs  and  extra  beats  in  which  A  and  V  contracted  prematurely  and  synchronously. 

1.58.  Same  irregularities  continue,  mixed  with  VEs.     Rate  48.     As-Vs  =  0'12  sec. 

2.0.  Onset  of  paroxysm.    V  at  375  ;    A  fibrillating.    Later,  V  at  180,  with  marked  alter- 

nation ;  A  still  fibrillating.     Later  still,  A  and  V  beating  at  183  ;    Vs-As  =  0'13 
sec 

2.1.  Same  continues.     Vagal  stimulation  produces  4:1  heart  block,  V  unaffected. 

Later,  stimulation  produces  falling  out  of  5,  3,  and  7  A  beats. 
2.2  ;    2.3  ;    2.5  ;    2.7  ;    2.9.     Same  rhythm  continues.     Vagal  stimulation  produces  falling 

out  of  4  and  10  A  beats.     Vagal  stimulation  yields  4  : 1  reversed  heart-block. 
2.28.     Rate  has  now  dropped  to  140.     Vs-As  interval  0'15  sec.     Weaker  vagal  stimulation 

gives  2:1  reversed  heart-block,  and  decreases  auricular  excursion. 
2.30.     Vagus  stimulation  (stronger)  stops  A  for  15  beats  ;    V  unaffected. 

2.34.  Same  continues.     Rate  of  V  206  ;   A  at  103. 

2.35.  During  the  next  minute  the  ventricular  excursion  gradually  decreases.    The  curves 

pass   insensibly  into  those  of  fibrillation.      With  the  estabhshment  of  ventri- 
cular fibrillation  the  auricle  recommences  to  respond  to  the  sinus. 


1.15.      Ligation  of  right  coronary  vessels.     Followed  by  alternation  of  auricle,  with  gradual 

recovery  from  the  same. 
1. 17.     Ventricular  muscle  dark  and  bulged.     A  and  V  show  a  sj-nchronous  alternation. 

1.25.     The  same.     Rate  150.     As-Vs  =  0-08  sec. 

1.30.  Both  vagi  divided.  Vagus  stimulation  causes  slowing  of  whole  heart,  followed 
by  staircase  in  force  of  auricular  contractions  on  throe  occasions.  Vagus  stimu- 
lation causes  slowing  of  whole  heart  with  separate  escape  of  A  and  V,  followed 
by  staircase  in  force  of  auricular  contractions. 

1.47-2.0.      Occasional  AEs  and  VEs. 

2.9.  Frequent  VEs. 

2.15.  Bigeniiny  due  to  VEs  ;    occasional  AEs  and  pairs  of  VEs. 

2.20.  Frequent  VEs  and  REs.    Rate  152  ;  As-Vs  =  Oil  sec. 

2.25.  Paroxysm  begins.    V  at  224  ;   A  at  156,  but  irregular  (probably  occasional  resiionsos). 

2.28.  Same  continues  ;  V  at  312  (later  289)  ;  A  at  150,  but  still  irregular.  V  beats  show 
occasional  bigeminy. 

2.30.  Same  continues.  Vagal  stimulation  has  little  effect  on  either  A  or  V,  on  two  occa- 
sions. Rate  of  A  and  V,  203.  Stronger  stimulation  stops  A  and  V.  Ventri- 
cular pause  r2  sec,  Auricular  Tl  ;   return  to  normal  rhythm  for  two  cycles. 

2.33.  Paroxysm  continues  ;  V  at  300,  alternation  marked.  A  fast  and  very  irregular. 
Rate  about  300. 

2.3G.  Same  continues.  V  at  272  ;  A  at  13G  ;  Vs-As  =  O'U  sec.  Two  .AEs  occur  without 
interruption  of  ventricular  rhythm. 

2.40.     V  fibrillating ;     A   beating  at   70. 

2.45.     A  continues  to  beat  slowly  and  irregularly. 


J 


PAROXYSMAL      TACHYCARDIA.  i:i;) 

Dog  J. 

1.15.      Ligation  of  right  coronary  vessels.     Rate   162;    As-Vs  =  0'09  sec. 

1.17.  Left  vagus  di^deci.  Stimulation  causes  slowing  of  whole  heart  with  single  dropped 
beat  of  V. 

1.30.  Numerous  and  successive  VEs.  Occasional  REs.  Rate  ItiO  ;  As-Vs  =  009  sec. 
Later, onset  of  paroxysm.  A  and  Vat  192.  Vs-As  =  0"15  sec.  Vagal  stimula- 
tion produces  5  dropped  auricular  beats,  followed  by  reversed  heart-block, 
2:1.  Vagal  stimulation  gives  marked  auricular  slowing.  A  little  later 
V  pauses  1"!  sec,  and  there  is  a  return  to  the  normal  rhythm  for  a  few 
beats.  The  paroxysm  starts  again.  Vagal  stimulation  produces  reversed  heart- 
block.  Vagal  stimulation  produces  marked  slowing  of  A.  In  each  case  V 
unaffected. 

1.36.  Right  vagus  cut.  Paroxysm  continues.  V  at  234  ;  A  at  156.  Complete  dissociation. 
Later,  A  and  V  at  193.  Vs-As  =  0"14  sec.  Venous  curve  shows  two  waves 
falling  during  ventricular  systole. 

1.55.     Same  continues.     A  and  V  at  142  ;    Vs-As  =  0"13  sec. 

1.59.     Same  continues.     V  at  270  ;    A  at  135  ;    Vs-As  =  013  sec. 
1.59i.  A  faradi.sed,  fibrillation.     V  continues  to  beat  at  225. 
2.0.       V  fibrillating. 


Dog  K. 


12.7.  Ligation  of  right  coronary  vessels.     Rate  108;    As-Vs  =  O'll  see..     Commencing 

liWdity  of  the  ventricular  musculature  involved  is  immediate. 

12.10.  First  irregularity  ;   not  recorded. 

12.16.  Both  vagi  divided.     Rate  97. 

12.30.  VEs  are  occasional. 

12.45.  VEs  are  numerous,  single  and  grouped. 

12.50.  AEs  and  VEs. 

12.51.  Interpolated  VEs.     Rate  92.     Accompanied  by  prolonged  Vs-As  interval. 

12.52.  The  same  irregularity.     Also  successive  VEs. 

12.54.  Bigomiiiy  of  V,  resulting  from  VEs  following  eacli  rhythmic  beat. 

1.4.  Numerous  VEs,  some  interpolated,  many  in  groups. 

1.10.  The  same  continues.    Rate  91  ;   As-Vs  =  0-09  sec. 

1.20.  Onset  of  first  paroxysm.     Rate  of  V  206  ;    A  103  ;    Vs-As  =  O'U  sec. 

1.21.  Normal  rhythm. 

1.35.  Normal  rhythm.     Rate  87  :   As-Vs  =  Oil  sec  ;   VEs. 

1.35.  Onset  of  second  paroxysm.     Rate  of  A  and  V.  157. 

1.36.  Same  continues.     Rate  of  V  234  ;   of  A  117  ;    Vs-As  =  0"I5  sec. 

1.37.  Normal  rhythm  with  REs  (very  numerous). 
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1.47.  Same  continues.    Rate  of  heart  70  ;  As-Vs  =  O'lO  sec. 

1.48.  Onset  of  tliird  paroxysm.     Rate  of  V  192.     Occasional  faiku-e  of  response  by  A  ; 

Vs-.\s  variable.   Vageil  stimulation  causes  pause  of  V  for  1'5  sec.  and  of  A  TS  sec, 
with  return  to  the  normal  rhj^hm,  with  REs.     Rate  96  ;    As-Vs  =  0'12  sec. 

1.49.  Directly  afterwards  the   paroxysm  starts  again.    Rate  of  A  and  V  157  ;   Vs-As  = 

about  012  (variable  and  longer  at  first)  (Fig.2). 

1.50.  Vagal  stimulation  leads  to  return  to  the  normal  rhj'thm,  interrupted  by  numerous 

REs.    Tlie  interval  Vs-As  of  these  beats  varies  from  0"12  to  0"18  sec. 
1.52.     Bigeminy  of  A  and  V  due  to  REs  (Fig.  13). 

1.55.     The  same  rhj^hm  continues,  interrujited   by  many  VEs,   most  of  wliich  disturb 

the  auricular  rhytlun  (REs). 
2. 10.     Similar  events  continue.    VEs  and  REs  very  numerous. 

3.20      Same  has  continued  tin  til  at  tliis  time  V  and  A  enter  the  fibrillary  state. 


Dog  M. 

12.1.       Ligation  of  right  coronary  vessels.     Rate  172  ;   As-Vs  =  0"08  sec. 
12.20.     Both  vagi  di«ded. 


12.25 
12.40 
12.45, 
12.52 


Muscle  lias  been  ballooned  for  some  time. 

Vagus  stimulation  stops  the  whole  heart  for  3  sec 

First  irregularity.    Bigeminy  as  a  result  of  VEs. 

VEs  and  REs  are  nmnerous.    The  Vs-As  interval  of  the  latter  is  01 3  sec, 


12.58  ;    1.4.     Successive  VEs  and  occasional  REs. 

1.15.     The  same  continues;    pairs  of  VEs  are  present   of  wliich  the  second  beats  are 

retrograde  (Fig.    1). 
1.29.     Bigeminy  due  to  VEs  ;  occasional  REs. 

2.0  ;    2.5.     AEs,  VEs,  and  REs  are  present  in  large  numbers. 

2.6.  VEs  and  REs.    Rate  149  ;   As-Vs  =  010  sec. 

2.7.  Onset  of  firet  paroxysm.   Rate  of  V  220  ;   of  A  110  ;   Vs-As  =  012  sec.    Later,  the 

rate  quickens,  and  the  ratio  of  ^  =  f  (Fig.  7). 
2.9.       Vagus  stimulation  causes  return  to  normal  rhythm. 

2.17.     Rate  91  ;    As-Vs  =  010  sec.     Frequent  VEs  present. 

2.20.     Onset  of  second  paroxysm.     Rate  of  V  and  A  17i  ;    Vs-.A,s  =  014  sec.     Later,  A 
misses  an  occasional  beat. 

2.23.  Vagus  stimulation  causes  dropping  out  of  A,  with  prolongation  of  Vs-As  (Fig.  9). 

2.24.  Normal  rhythm,  regular.     Rate  94  ;    As-Vs  =  0"10  sec. 

2.35.  VEs  and  REs  disturb  normal  rhythm.     Rate  107  ;    As-Vs  =  011  sec. 

2.36.  Onset  of  tliird  paroxysm.     Rate  of  V  and  A   156;   Vs-As  =  0-14  sec.     An  AEs 

has  full  pause,  and  does  not  aSect  V.     Stimulation  of  vagus  results  in  a  return 
to  the  normal  rhythm,  interrupted  by  REs  (Fig.  10). 
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2.37.     Normal  rhj-tlim,  frequent  VEs. 
3.0.        Normal  rhytlim,  occasional  VEs. 
3.10.     Experiment  stopped. 
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12.3.  Ligation  of  right  coronary  vessels.    Rate  165. 

12.1.5.  Both  vagi  divided.     Stimulation  of  vagus  causes  marked  slowing  of  the  whole  heart. 

12.24.  First  irregularity. 

12.25;  12.26;     12.28;     12.29;     12.30;     12.35;     12.36.     Niunerous   and   successive   VEs. 

12.36.  Rate  168  ;    As-Vs  =  0'08  sec.     Numerous  and  successive  VEs. 

12.40.  Onset  of  first  paroxysm.     V  at  356;    A  at  165.     Alternation  extreme  (Fig.  4).     At 

first  dissociation  ;   later,  A  fibrillates. 
12.40i.   Rate  of  V  345  ;   marked  alternation. 

12.41.  Rate  of  V  340  ;    marked  alternation,  small  beats  coming  through  to  carotid. 

12.42.  V  rate  gradually  drops  from  310  (Fig.  8)  to  200  ;  rhythm  of  A  as  1:4.     Alternation 

absent. 
12.42J.   Onset  of  slow  rhytlim,   chiefly   retrograde.      Rate   73.      Venous   pulse   shows  two 

waves  falling  in  Vs.    The  rhythm  jiasses  gradually  into  a  mixed  response  of  A 

to  V  and  sinus.     Rate  about  48.     Later,  an  irregular  rhythm  with  response  of  V 

to  A,  and  an  occasional  REs. 
12.44.     Regular  normal  rhythm  ;    rate  128. 

12.46.     VEs  single  and  successive  ;    bigeminy  of  V. 

12.50.  Regular  normal  rhythm.     Rate  158  ;    As-Vs  =  O'OT  sec. 

12.51.  Onset  of  second  paroxysm.     V  at  374  ;    A  at  160.     Complete  dissociation.     Later, 

A  fibrillates,  and  on  recovery  responds  to  alternate  V  contractions.  V  at  380  ; 
alternation  extreme  (Fig.  5).  Vagal  stimulation  |:>roduces  dropped  A  beats. 
Later  V  at  380  ;  A  at  150  responding  with  dropped  boats.  Alternation  marked, 
weaker  beats  now  appear  in  carotid  ciu-ve.  Vagal  stimulation  converts  a  3:2  to 
4 : 1  heart-block. 

12.53.  Spontaneous  offset  of  paroxysm  to  a  slow  mixed  rhythm,  chiefly  retrograde.     Rate 

about  ?45  (Fig.   12). 

12.54.  Onset  of  third  paroxysm.     V  at  294  ;    A  at  147. 

12.55.  Vagal  stimulation  causes  falling  out  of  A  boats. 

12.58.     Rate  of  V  rises  to  397  and  405  ;   A  fibrillating  ;   carotid  monocrotic  (Fig.  6). 
1.0.       V  follows  A  into  fibrillation. 


Dog  P. 

12.25.     Ligation  of  right  coronary  vessels.    Rate  185  ;   As-Vs  =  0"08  sec. 

12.36.     Vagus  stimvilation,  whole  heart  stops  for  about  3  sec,  staircase  of  A  in  recovery, 

on  three  occasions. 
12.45.     First  irregularity  occurs.     Both  vagi  divided.     VEs.     Rate  108;    As-Vs  =  0'08  sec. 
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12.o7.     Onset  of  first  parosj'stn.     V'  at  260  ;  A  fibrillatinc.     Later,  return  to  normal  sequence. 
Rate  172  ;    As-Vs  =  0-08  sec. 

12. .59.     Normal  rhj-thm.    Rate  180;   As-Vs  =  0-08  sec.. 

1.0.  Onset  of  second  paroxysm.    V  at  257.    From  tracing  of  A  it  is  impossible  to  interpret 

events.  The  curve  gives  the  impression  of  being  a  transition  between  con- 
traction and  fibrillation. 

1.1.  Normal  rhythm. 

1.15.     Normal  sequence.     Rate  168;    As-Vs  =  008  sec 

1.28.     Onset  of  tliird  paroxysm.    Rate  of  V  202  ;   A  in  same  state  as  in  second  paroxysm. 

Later,  return  to  normal  rhytlun. 
1.30.     VEs. 

1.38.      Frequent  VEs.     Rate  164  ;    .4s-Vs  =  009  sec. 

1.40.  Onset  of  fourth  paroxysm.      Rate  of  V  271  ;     A   at    164  ;    independent.      Later, 

return  to  normal  rhythm.  Rate  168;  As-Vs  =  0' 10  sec.  (Fig.  3).  Later, 
normal  rhythm  with  VEs.  Later,  a  fifth  paroxysm.  Rate  of  V  238  ;  of  A  161  ; 
independent  ;  lasting  a  few  seconds.  Retiun  to  normal  rhythm  at  161,  with 
successive  \rEs  ;   As-Vs  =  0'08  sec. 

1.41.  Onset  of  sixth  paroxysm.    V  at  206  ;   A  at  165;   independent. 

1.48.     Termination  in  normal  rhythm  ;     single    beat   only.      Note   constancy   of   A  rates. 

Later,  onset  of  .seventh  paro.xysm.   V  at  approximately  235  ;  Afibrillating.   Later, 

change  to  normal  rhythm  at  152  ;    As-Vs  =  0.10  sec. 
1.49-1.52.     Normal  sequence.     Rate  160.     Nmnerous  VEs  ;    occasional  REs. 

1.55.  Numerous  and  successive  VEs.    Rate  157  ;   As-Vs  =  0"10  see.  (Fig.  11). 

1.56.  Onset  of  eighth  paroxy.sm.    V  at  348;    A  at  174;    Vs-As  =  O'll  sec.     Alternation 

extreme.  Gradual  development  of  alternate  beats,  as  V  rate  falls  to  280,  and  A 
responds  1:2  ;  Vs-As  =  0-12  sec.  Rate  of  V  rises  to  320,  and  falls  to  264.  A 
still  responding  to  alternate  beats  ;   Vs-As  =  O'lO  sec. 

Vagus  stimulation  causes  appearance  of  4 : 1  reversed  rhythm.      Later,  it  pro- 
duces dropping  out  of  A  beats  on  three  occasions. 
1.59.     Vagus  stimulation  causes  dropping  out  of  A  beats. 

2.0.        Rate  of  V  251  :   A  beating  at  152.    Rhythm  independent. 

2.6.        V^  beating  at  225  ;    A  fibhllating. 

2.10.      V  fibrillates. 


Dog  R.     Electrometer  cur%'e  replaces  carotid  curve. 
11.45.     Ligation  of  right  coronary  vessels. 

12.0.       Regular  rhythm.    Rate  175  ;  As-Vs  =  0-09  sec.    P  and  R  well-marked ;  T  inverted. 

P  starts  0"04  sec.  before  onset  of  As.     R  starts  0"04  sec  before  onset  of  Vs. 

P-R  =  therefore  009  sec. 
12.5.       First  irregularities.     Single  and  successive  VEs.     The  ventricular  extrasystole  is 

comix)sed  of  two  peaks  ;  P  falls  before,  after,  or  upon  one  or  other  peak.    Rate  172. 
12.7.       Very  frequent  VEs.    Groups  of  three  are  common. 

12.10.     The  same  continues.     The  last  extrasj'stole  of  a  group  is  often  retrograde. 


d 
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12.17.      The  same  (Fig.  14). 

1 2.20-12.00.     The  same  (Fig.  15).    Rate  has  dropped  to  142. 

12.50.  Onset  of  paroxysm.  Rate  of  V  —  420  ;  A  at  about  70,  but  varj'ing  (Fig.  16).  The 
ventricular  ciu've  sliows  alternation,  the  eleotrometer  curve  shows  it  only 
occasionally,  and  it  is  then  expressed  by  an  alternate  deepening  of  tlie  dips 
between  the  beats.  The  curves  pass  directly  into  ones  in  which  both  ventricular 
and  auricular  tracings  show  small  undulations,  which  are  at  times  regularly 
placed,  and  in  wliich  the  electrometer  curve  shows  a  succession  of  peaks,  two 
of  which  correspond  to  each  undulation  of  the  V  tracing  ;  these  peaks  are, 
as  a  rule,  irregularly  placed,  but  at  times  are  regular  ;  tlit-  rate,  reckoning  two 
peaks  as  a  beat,  is  at  about  420.  The  imdulations  on  the  V  curve  spread  out 
more  and  more,  and  the  peaks  on  the  electrometer  curve  correspond.  Visible 
fibrillation  of  V  is  starting.  The  electrocardiographic  curve  passes  gradually 
into  the  wide  and  irregular  undulations  recorded  by  Kahn  (rate  about  ISO)  ; 
A  is  no  longer  beating;  theV  tracing  shows  undulations  exactly  corresponding 
to  the  galvanometer  curves.     Tlie  paroxysm  [iroper  lasted  less  than  1  minute. 
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THE   ACTION   OF  AX   ACTIVE  PRI^TIPLE  FROM  APOCYXUM. 
Dy  H.  H.  dale  axd  p.  p.  LAIDLAW. 

{From    the    Physiological    Laboratory,    Guy's    Hospital*,   and   the    Wellcome 
Physiological  Research  Laboratories,  Heme  Hill,  S.E.) 

I.  Historical  axd  Ixtrodcctory. 

ApocYxrM  has  for  many  years  enjoyed  a  somewhat  varying  reputation  in 
therapeutics,  chiefly  as  an  alterative  to  digitalis.  The  earlier  clinical 
observers  (Knapp,  Griscom'-)  who  appear  to  have  tried  the  drug  on  the 
strength  of  its  reputation  among  the  American  Indians,  describe  it  as  emetic, 
cathartic,  diaphoretic,  and  diuretic.  Later  clinical  observers,  such  as 
Dabne^ "',  laid  special  emphasis  on  its  diuretic  action.  Dabney's  paper  con- 
tains a  number  of  references  to  similar  clinical  observations.  Husemann'' 
appears  to  have  first  pointed  out  that  this  drug,  like  other  members  of  the 
Apocynacje  (Oleander,  Strophanthus),  contained  a  heart-poison  belonging 
to  the  Digitalis  group.  Bradford  is  reported  by  Murray"  to  have  found 
that  it  resembled  Strophanthus  in  its  action  on  the  heart,  but  that  its 
powerful  effect  on  the  vagus  mechanism,  and  the  absence  of  a  vaso-constrictor 
effect,  prevented  it  from  producing  any  rise  of  blood  pressure.  In  1883 
Schmiedeberg--  separated  from  it  two  indefinite  products  which  he  termed 
Apocynin  and  Apocjmein.  Apocynin  was  an  amorphous  non-glucosidal 
body,  almost  insoluble  in  water,  readily  soluble  in  alcohol  and  ether,  which 
caused  sj'stolic  arrest  of  the  frog"s  heart  in  very  small  doses.  Apocynein  was 
an  amorphous  glucoside  resembling  digitalein. 

In  1888  Sokoloff-'  examined  the  action  of  Apocynum  on  mammals.  He 
found  that  an  extract  (he  used  an  8  per  cent,  watery  infusion  of  the  rhizome), 
when  injected  intravenously  in  doses  of  from  3  to  10  cc,  caused,  in  the  first 
place,  a  pronounced  retardation  of  the  heart's  action,  the  pulse  wave  being 
enlarged,  and  the  blood  pressure  raised  ;  later,  the  initial  retardation  gave 
way  to  a  secondary  acceleration  of  the  heart,  the  arterial  pressure  rising  still 
further.  He  stated  that  the  initial  slowing  of  the  heart  was  caused  by  a 
stimulation  of  the  cardio-inhibitory  centre,  and  of  the  peripheral  inhibitory 
mechanism.  The  subsequent  acceleration  was  not  due  to  actual  paralysis  of 
the  inhibitory  apparatus,  since  injection  of  another  dose  of  the  drug  could 
again  produce  retardation.    I^arge  doses  produced  a  third  stage  of  arrhythmia 


*  The  experiments  at  Guy's  Hospital  were  performed  by  P.  P.  Laidlaw  only. 
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of  the  heart,  with  undulating  blood  pressure,  which  ultimately  fell  to  zero 
with  failure  of  the  heart.  Sokoloff  attributed  the  rise  of  blood  pressure, 
during  the  first  and  second  stages  of  the  action,  to  stimulation  of  the  vaso- 
motor centre  in  the  medulla,  of  the  spinal  vaso-motor  centres,  and  also,  to 
some  extent,  of  the  heart  and  blood-vessels  themselves. 

In  1904  H.  C.  Wood,  Jr.-**,  reinvestigated  the  drug  physiologicallj-  and 
chemically.  His  phj^siological  results  were  in  the  main  similar  to  those 
of  Sokoloff.  Wood,  however,  concluded  that  the  constriction  of  the  arterioles 
was  mainly,  if  not  entirely,  due  to  direct  stimulation  of  their  muscular  walls. 
He  also  stated  that  the  vagus  became  refractory  to  stimulation  during  the 
second  stage  of  cardiac  acceleration,  and  pointed  out  the  characteristic 
death  by  sudden  heart-failure  caused  bj-  large  doses  of  the  drug.  Chemicallj' 
he  advanced  but  little  beyond  Schmiedeberg's  results  ;  but  he  made  the 
significant  observation,  that  a  crj'stalline  substance,  obtained  commercially 
as  Apocj'nin,  was  practically  inert,  and  that  the  corresponding  crystalline 
substance  which  he  prepared  himself,  though  very  active  when  first  isolated, 
gradually  lost  activity  with  successive  purifications.  He  conjectured,  rightly 
as  now  appears,  that  the  activity  was  due  to  some  very  highly  active  impurity 
adhering  to  the  crystalline  Apocynin.  Because  the  activity  of  the  mother 
liquors  and  extracts  was  destroj-ed  by  boiling  with  dilute  acids  he  supposed 
that  the  active  substance  was  glucosidal  in  nature,  but  he  did  not  succeed 
in  separating  it.  In  1908  H.  Finnemore*  described  his  identification  and 
synthesis  of  the  crystalline  Apocynin,  which  proved  to  be  Acetovanillone. 
One  of  us  (P.P.L.)  found  that  this  sj-nthetic  Apocynin  had  only  a  very 
slight  activity,  thus  confirming  Wood's  suggestion  with  regard  to  the  pure 
Apocynin. 

Early  in  the  present  year  Finnemore'^'  published  a  preliminary  note  on  the 
isolation,  from  Apocynum  cannahinum,  of  a  crystalline  bitter  principle,  which 
he  called  "  Cynotoxin,"  and  which  one  of  us  (P.P.L.)  had  found  to  possess, 
in  a  very  intense  degree,  the  characteristic  action  of  Apocynum.  Finnemore 
believes  that  it  is  "  a  dilactone,  either  of  Kiliani's  digitic  acid  or  of  a  closely 
related  isomeride."  C.  W.  Moore"*  pubhshed  almost  simultaneously  the 
results  of  an  independent  and  very  exhaustive  investigation  of  the  con- 
stituents of  Apocynum  androscRmi folium,  from  which  he  had  also  isolated 
the  bitter  principle,  to  which  the  name  "  Apocynamarin  "  was  assigned. 
This  substance  had  also  been  ascertained  by  one  of  us  (H.H.D.)  to  be  the 
essential  active  principle.  Moore  considers  it  possible  that  Apocynamarin 
is  the  "  dilactone  of  Kiliani's  oxy-digitogenic  acid,  or  of  an  isomeride." 

A  comparison  of  our  results,  when  we  discovered  the  duplication, 
showed  us  that  the  principles  thus  separately  isolated  were  identical  in 
physiological  action,  and  we  have  thenceforth  conducted  the  investigation 
together.  Unfortunately,  it  is  impossible,  at  present,  to  assume  the  chemical 
identity  of  the  bitter  principles  from  the  two  species.  Though  they  agree 
in  physical  properties,  the  formulae  assigned  to  them  by  their  respective  dis- 
coverers are  not  the  same.    Cynotoxin,  according  to  Finnemore's  preliminary 
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note,  has  the  formula  CjoHjgO^.  Apocynamarin,  according  to  Moore,  has  the 
formula  CosHjgO^-SHjO.*  In  our  further  physiological  investigation  of  the 
two  preparations  we  were  unable  to  detect  any  qualitative  or  quantitative 
difference  between  them,  and  ultimately  used  one  or  the  other  indifferently. 
While  the  question  of  chemical  identity  remains  open,  we  have  no  choice  but 
to  use,  in  describing  any  experiment,  the  name  indicating  which  preparation 
was  actually  emploj^ed.  But  it  must  be  understood  that  whenever  we 
attribute  an  action  to  Cynotoxin  an  identical  effect,  in  sign  and  degree,  is 
obtainable  with  Apocynamarin,  and  vice  versa.  It  may  be  noted  incidentally 
that  the  identity  of  action  disposes  of  the  statement,  which  has  obtained 
currencj'  in  the  literature  of  the  subject,  to  the  effect  that  Apocynum  andro- 
soemifolium,  which  is  often  used  instead  of  Apocynum  cannabinnm,  is 
devoid  of  the  specific  activity  of  the  latterf. 


II.  The  action  of  apocynin  (acetovanillone). 

The  experiments  have  been  made  with  synthetic  and  natural  preparations 
made  by  Finnemore,  and  a  specimen  of  the  natural  substance  obtained  by 
Moore  from  Apocynum  itndrosami folium.  These  \^ere  not  perceptibly 
different  in  action. 

The  onh'  definite  effects  which  we  have  been  able  to  detect  as  a  result 
of  the  administration  of  Apocynin  were  upon  the  vascular  system.  When 
10  mg.  of  Apocynin  are  injected  into  an  intact  frog  the  only  effect  to  be 
noticed  is  that  the  frog  remains  quiet  and  motionless  for  a  time  and  then 
recovers.  Reflexes  persist  throughout.  If  the  dose  is  injected  into  the  dorsal 
lymph  sac  of  a  pithed  frog,  with  the  heart  exposed,  there  is  observable  a 
gradual  slowing  of  the  heart-beat  without  much  increase  in  strength  ;  both 
sj'stole  and  diastole  are  prolonged,  but  the  latter  more  conspicuously. 
Larger  doses  (up  to  25  mg.)  cause  a  still  further  slowing  of  the  heart  by 
prolongation  of  the  diastole,  and  the  beat  becomes  weaker.  In  no  case 
does  Apocynin  cause  systolic  arrest  of  the  heart.  The  effects  produced  by 
direct  application  of  the  drug,  in  1  per  cent,  solution,  to  the  exposed  heart 
are  similar  to  those  resulting  from  injection.  Fig.  1  shows  the  effect  on  the 
frog's  heart. 

The  isolated  mammalian  heart,  perfused  with  oxygenated  Ringer's 
solution  by  Locke's  method,  shows  similar  results,  viz.,  a  slight  increase  in 
amplitude  of  beat  with  very  slight  slowing.  Large  doses  produce  a  more 
marked  slowing  with  considerable  diminution  in  force  (see  Fig.  2). 

Injected  intravenously  into  anaesthetised  animals  (cats,  dogs,  and 
rabbits  were  used).  Apocynin  was  found  to  cause  a  slight,  transient  rise  of 


*  It  appears  that  the  difference  between  the  formvilse  really  depends  for  the  most  part  on  the 
water  of  crystallisation  (cp.  Moore,  loc  cit. ). 

t  The  United  States  Pharmacopoeia,  under  the  title  "  Apocynum,"  recognises  "  The  dried 
rhizome  of  Apocynum  cannabinum,  or  of  closely  allied  species  cf  .ipocvTium." 


ACTION    OF     APOCYNUM. 


141 


Fie.  1.  X  I  linear.  Frog's  heart,  suspension  metliod.  Upstroke  =  systole.  A — Normal. 
B — 30  sec.  after  intravenous  injection  of  min.  viii  of  0  o  per  cent.  Apoc\-nin  in  Ringer's 
solution.     (' — .Vfter  further  injection  of  min.  v  of  the  same  solution. 


Fig.  2.      X  I  linear.     Isolated  rabbit's  heart,  perfused  witli  Locke-Ringer  solution.     A — Perfusion 
with    plain    Locke-Ringer.        B — One   minute    after   substitution    of    1  :  lo.OOO    ApoojTiin. 
a — Ventricular  beat ;  6 — Drop-record  of  coronary  outflow  ;  c — Time  in  seconds. 
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blood  pressure.  A  small  acceleration  of  urinarj-  flow  was  noticed  in  one 
experiment. 

It  is  somewhat  unfortunate  that  the  name  Apocynin  has  been  applied 
to  several  different  substances.  It  is  clear  that  the  crystalline  substance, 
known  commerciallj'  as  Apocynin,  and  identified  bj-  Finnemore  as  Aceto- 
vanillone,  plays  practicallj-  no  part  in  the  specific  action  of  the  drug. 
Schmiedeberg's  "  Apocynin,"  on  the  other  hand,  appears  to  have  been 
phj'siologically  potent,  but  was  evidently  a  mixture  of  substances,  among 
which  were  probably  both  acetovanillone  and  the  true  active  principle 
described  in  the  next  section.  The  resinous  products  called  "  Apocj-nin  " 
by  early  observers,  such  as  Griscom,  were  chemicallj'  even  more  indefinite. 
The  fact,  first  demonstrated  bj^  Wood,  that  the  natural  cr3-stalline  Apocynin 
is  purified  onlj-  with  some  difficulty  from  traces  of  the  true  active  principle, 
might  be  regarded  as  accounting  even  for  the  small  degree  of  activity  which 
we  detected.  Such  a  supposition,  however,  is  excluded  by  the  identical 
activity  of  sjmthetic  acetovanillone. 

In  addition  to  free  Apocynin  (Acetovanillone)  Moore  isolated  from 
Apocj/num  androsoemi foU um  a  glucoside  of  that  substance  to  which  he  gave 
the  name  ''  Androsin."  This,  however,  we  found  to  be  even  less  active  than 
the  Apocynin  itself.  The  observation  has,  therefore,  no  connection  with 
Wood's  suggestion  that  the  active  principle  is  a  glucoside  which  loses  its 
activit}'  on  hj'droh'sis.  The  true  explanation  of  Wood's  experience  is  given 
in  the  next  section. 


III.  The  bitter  peinctple  [cynotoxin  (finnemoee), 

APOCYNAMAKIN   (MOORE)]. 

It  will  be  clear  from  the  descriptions,  reproduced  above,  by  various 
observers  of  the  action  of  extracts  of  Apoc\'num,  that  the  essential  active 
principle  must  possess  in  a  high  degree  an  action  of  the  general  type  known  as 
a  '■  digitalis  "  action.  It  will  be  shown  that  this  is  true  of  the  bitter  jirinciple 
isolated  independently  by  Finnemore'"  and  by  Moore""  from  the  two  sjjecies. 
It  is  a  neutral  crystalline  principle,  with  an  intenselj-  bitter  taste,  and  is 
only  slightly  soluble  in  water  or  physiological  saline  solution  at  the  ordinarj' 
temperatures,  though  its  solubility  increases  rapidly  with  rise  of  temperature. 
It  is  not  a  glucoside,  though  boiling  with  acids  or  alkalies  destroj's  its  activity  ; 
this  fact  forms  the  basis  of  Wood's  suggestion  as  to  the  glucosidal  nature  of 
the  active  principle.  Solutions  for  experiment  were  made  by  dissolving  20  mg. 
of  the  substance  in  0-5  cc.  of  absolute  alochol  ;  this  was  mixed  with  40  cc. 
of  hot  phj-siological  saline.  Such  a  solution  (1  :  2,000)  was  stable  on  coohng 
to  room  temperature.  With  higher  concentrations  crystallisation  always 
took  place  after  a  time. 

As  stated  above,  the  action  belongs  to  the  digitalis  type.  We  have 
experimented  on  the  frog  and  on  mammals. 
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A.  Experiments  on  the  frog. 

An  intact  frog  when  a  lethal  dose  of  the  principle  (about  0^2  mg.  per 
100  grm.)  is  injected  into  the  dorsal  lymph  sac,  shows  no  symptoms  for 
some  time  after  the  injection.  At  from  1  to  IJ  hours  after  the  injection  it 
becomes  less  active,  squats  on  the  table  with  its  head  touching  either  the 
fore-limbs  or  the  table  itself.  Vv'hen  disturbed  it  moves  slightly  and  assumes 
a  normal  attitude  only  to  sink  back  in  the  course  of  a  minute  or  so  to  its 
former  position.  A  little  later  it  will  no  longer  recover  when  placed  upon  its 
back,  and  respiration  fails.  Within  three  hours  reflexes  disappear.  Post 
mortem  the  ventricle  is  found  to  be  in  systole,  the  auricles  engorged  with 
blood.    The  minimal  lethal  dose  per  100  grm.  of  frog  is  about  0-2  mg. 

Determination   of  lethal  dcse  of   apocynamaein   foe   the   frog. 

(R.      TEMPORARIAl. 


WEIGHT. 

DOSE. 

DOSE  PER  100 grm. 

RESULT. 

26 

grm. 

•006  mg. 

•25  mg. 

fist  hoiir 

26 
24 
24 
27 
30 
30 

•066     ,. 
•05       „ 
•05       „ 
•06       „ 
•06       „ 
•06       „ 

•25     ., 
•21     „ 
■21     „ 
•22     „ 

1 1st  hour  it  half 
fist  hour 
t2nd  hour 
find  hour 
t2nd  lioui- 
■f"2iid  hoiu" 

Strophanthin    (from 
Strophanthus  gratus) 
has  an  M.L.D.  of 
between  ■07--08  mg. 
per  100  grm.  frog. 

30 

•06       „ 

•2 

*Uved 

30 

•057     „ 

•U)     .. 

Uved 

30 

1 

•055     .. 

.18     .. 

Apocynaraarin  or 

30 

■055     „ 

•18     ,. 

lived 

Cynotoxiii   has. 

30 

•055     „ 

•18     .. 

lived 

therefore,  about  J-J 

26 

•047     ., 

•17     ., 

lived 

of  the  activity  of 

26 

•047     .. 

•17     .. 

Strophanthin  on  the 

25 

•047     .. 

•17     „ 

lived 

frog's  heart. 

*  died  next  morning. 

Its  action  on  the  frog's  heart  is  readily  demonstrated  by  jjithing  a 
frog,  injecting  a  few  drops  of  1  in  2,000  solution  in  physiological  saline  into 
the  dorsal  lymph  sac,  and  exiJosing  the  heart.  The  suspension  method  will 
give  a  graphic  record  of  the  results.  The  first  effect  is  to  increase  the  con- 
traction of  the  ventricle,  systole  being  more  complete.  As  the  substance 
continues  to  be  absorbed  the  ventricle  is  gradually  thrown  into  complete 
systole.  There  are  noticeable  areas  of  systole,  usually  more  marked  at  the 
apex,  which  persist  during  diastole  of  the  remainder.  These  systolic  areas 
increase  in  size  until  they  involve  the  whole  ventricle.  Congestion  of  the 
auricle  and  great  veins  becomes  very  marked  towards  the  end,  as  the  output 
of  the  ventricle  diminishes.  Just  before  the  final  stage  of  complete  systole 
one  receives  the  impression  that  the  auricle  by  its  systole  is  distending  a 
tonically  contracted  ventricle,  and  the  ventricular  contraction,  when  it 
develops,  is  like  a  slow  peristaltic  wave.      The  auricle  continues  to  beat  for  a 


144 


H.     H.     DALE    cv    P.    P.    LAID  LAW. 


short  time  after  the  ventricle  remains  firmly  contracted.     Fig.  3  shows  the 
result  of  recording  by  the  suspension  method  at  various  stages. 
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3.  Heart  of  decerebrate  frog.  Suspension  method.  Upstroke  =  systole.  llin.  vii 
1  :  5,000  Cynotoxin  injected  into  dorsal  lymph  sac.  A — Normal.  B — 3  minutes  after 
injection.     C — fi  minut«s  after  injection.     D — 10  minutes  after  injection.     Time  in  seconds. 


Tracings  of  isolated  frogs'  hearts,  perfused  with  Ringer's  solution 
(through  the  sinus  venosus),  were  also  taken ;  addition  of  Cynotoxin  caused  the 
development  of  a  precisely  similar  series  of  phenomena,  to  those  observed  in 
the  pithed  amphibian.  To  obtain  a  measure  of  the  ventricular  volume  under 
the  influence  of  the  drug,  we  used  Locke's  modification  of  Williams'  appara- 
tus*. This  gives  an  accurate  record  of  the  output  of  the  ventricle  while  the 
heart  perfuses  itself.  We  found  Dixon's''  frog-intestine  volume-recorder 
very  useful  with  this  apparatus.  Cynotoxin  or  Apocynamarin  in  quite  weak 
concentration  (1  in  500,000  to  1  in  200,000)  produces  an  increased  output,  and 
a  very  similar  sequence  of  effects  to  those  observed  in  pithed  animals,  con- 
cluding with  systolic  arrest  (Fig.  4).  One  variation  should  be  mentioned  ; 
the  initial  decrease  of  volume  frequently  gives  way  to  a  secondary  dilatation, 
the  tonus  subsequently  recovering,  and  then  increasing  till  systolic  arrest 
becomes  complete.  This  difference  is  doubtless  due  to  the  fact  that,  in  the 
perfusion  apparatus,  the  pressure  on  the  interior  of  the  ventricle  remains 
constant,  and  may  secondarily  distend  the  ventricle  in  spite  of  its  systolic 
effort.  Indeed,  with  a  sufficiently  high  inflow  pressure,  a  final  quiescence  in 
a  condition  of  distension,  simulating  true  diastole,  may  be  obtained.  In 
the  pithed  frog,  on  the  other  hand,  the  pressure  falls  with  the  failing  output, 
and  nothing  but  the  efforts  of  the  auricle  hinders  the  passage  of  the  ventricle 
into   complete   contraction. 

In  addition  to  this  characteristic  digitalis-like  action  on  the  frog's 
heart  Cynotoxin  or  Apocynamarin  has  a  pronounced  effect  on  the  plain 
muscular  tissues  of  that  animal.     The  action  was  examined  on  : — 


1. 


The  plain  muscle  of  the  arteries  ; 
The  plain  muscle  of  the  stomach. 


*  This  apparatus  was  shown  at  a  meeting  of  the  physiological  society,  but  a  full  description 
has  not  yet  been  published.  Through  the  kindness  of  Dr.  Locke  we  have  been  able  to  use  it  in  the 
incomplete  form. 
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For  recording  the  former  a  fine  cannula  was  inserted  into  the  aorta, 
and  the  vessels  washed  out  with  Ringer's  solution.  The  sinus  was  laid  open 
freely.    The  frog  was  placed  in  a  funnel  and  its  vessels  perfused  with  Ringer's 


solution  under  constant  pressure.  The  rate  of  outflow  from  the  funnel  was 
recorded  with  a  drop-counter  or  by  collecting  in  a  graduated  cylinder.  The 
injection  of  Apocynamarin  or  C5'notoxin  into  the  perfusion  cannula  caused  a 
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pronounced  diminution  of  venous  outflow.  Fig.  5  shows  the  result  of  a 
comparison  between  1  mg.  of  Strophanthin  (known  to  be  a  very  active 
specimen)  and  ^  mg.  Cynotoxin.  It  will  be  seen  that  the  Strophanthin  caused 
a  very  slight  slowing,  while  Cynotoxin  diminished  the  venous  outflow  by 
about  one-half.  It  is,  therefore,  a  much  more  powerful  vaso-constrietor 
than  Strophanthin.    The  dose  given  was,  of  course,  large. 
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Fig.  5.  X  f  linear.  Perfusion  of  frog"s  blood-\-essels  at  pressure  of  30  t_in.  Ringer's  solution. 
Drop  record  of  outflow,  drops  averaging  6  to  1  ec.  At  A — 1  lug.  Stroplianthin  injected  into 
perfusion  cannula.     B — J  mg.  Cynotoxin. 

The  frog's  stomach  showed  a  similar  response.  The  technique  employed 
was  that  described  by  Dixon'  when  studying  the  innervation  of  this  organ. 
A  frog's  stomach,  carefully  filled  \\'ith  Ringer's  solution,  was  connected  with 
a  U  tube  and  a  slight  positiv^e  pressure  maintained.  The  other  limb  of  the 
U  tube  was  connected  to  a  Dixon  volume-recorder.  When  1  :  5,000 
Apocynamarin  was  applied  to  the  outside  of  the  stomach  the  rhythmic 
movements  were  replaced  by  a  prolonged  intense  contraction  (Fig.  6).  It 
should  be  noted  that  larger  doses  are  required  to  induce  good  responses  in 
jDlain  muscle  than  those  which  suffice  to  produce  a  pronounced  effect  on 
cardiac  muscle. 


Fig.  6.  X  -J  linear.  Volume-record  of  frog's  stomach.  Distension-pressure  =  IS  cm.  of  water 
Upstroke  =  contraction.  At  j[  1  :  5,000  Apocynamarin  in  saline  solution  applied  to  the 
exterior. 
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On  skeletal  muscle  Apocynamarin  or  Cynotoxin  has  no  effect  in  small 
doses.  A  niusele-nerve  preparation  from  a  frog  killed  with  Apocynamarin 
will  respond  normally  when  stimulated  through  the  nerve  or  directly. 
Reflexes  in  the  spinal  frog  are  still  obtainable  for  some  time  after  the  heart 
is  systolised.  But,  like  other  members  of  the  digitalis  series,  Apocynamarin 
presents  a  curare-like  action  if  a  muscle-nerve  preparation  is  immersed 
in  a  solution  of  the  substance  of  sufficient  concentration.  A  nerve-muscle 
preparation  was  soaked  for  half  an  hour  in  physiological  saline  solution, 
0-6  per  cent.,  containing  a  little  alcohol  (i  cc.  in  20  cc),  and  sufficient  Apocy- 
namarin to  give  a  concentration  of  1  in  2,000.  At  the  end  of  this  time  the 
muscle  would  no  longer  respond  to  any  stimulus  applied  to  the  nerve,  but  it 
was  almost  normally  responsive  to  direct  stimuli.  Control  muscles,  soaked 
in  ph3-siological  saline  with  the  same  proportion  of  alcohol  only,  responded 
normally  to  both  direct  and  indirect  stimulation.  The  curve  obtained  by 
direct  stimulation  of  the  poisoned  muscle  was  slightly  flatter  than  that  given 
by  the  control,  and  showed  a  tri%-ial  prolongation  of  the  relaxation  period. 


Note  on  the  action  on  the  toad"s  heart. 

It  has  been  known  for  many  years  that  the  heart  of  the  toad  is  relatively 
very  resistent  to  the  poison  which  the  animal's  skin  secretes  (Vulpian'-'), 
and  which  is  present  in  a  recognisable  amount  in  its  blood  (PhisaUx  and 
Bertrand-").  In  its  action  on  other  animals  this  toad  poison,  "  Bufotalin  " 
(Faust*),  resembles  the  members  of  the  digitalis  series,  and  it  was   observed 


7.  X  i  linear.  Toad's  heart  {Locke-Williams  apparatus  ;  Dixon  recorder).  Perfusion 
with  a  mixture  of  blood  and  Ringer's  solution.  The  heart  had  already  Vjeen  perfused  with 
1  :  22,000  ApocjTiamarin.  and  in  1  :  5.000  Strophanthin.  A — After  return  to  plain  blood — 
Ringer.  B — .After  2  hours  perfusion  with  1  :  50,000  Apocv-namarin  in  blood — Ringer. 
C — After  It)  hours  continuolis  perfusion  with  1  :  50,000  Apocynamarin. 


that  the  toad's  heart  is  similarh'  resistant  to  other  members  of  that  series 
(Vulpian'-"').  It  was  not  surprising,  therefore,  to  find  that  the  toad's  heart  is 
far  less  sensitive  to  Apocynamarin  than  is  the  frog's  heart.  In  one  case 
a  toad's  ventricle  continued  beating  for  18  hours  in  the  Locke-Williams 
apparatus,  being  perfused  for  the  whole  time  with  1  ;  50,000  Apocynamarin, 
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the  only  effect  of  which  was  to  increase  the  size  of  the  output  with  some 
irregularity  towards  the  end  of  the  prolonged  perfusion  (Fig.  7)  ;  whereas  a 
solution  of  one-tenth  this  concentration  (1  :  500,000)  rapidly  produces 
systohc  arrest  of  the  frog's  ventricle.  Other  toads'  hearts  also  possessed  a 
similar  partial  immunity  to  Apocynamarin. 

B.  Experiments  on  mammals. 

The  mammals  used  were  rabbits,  cats,  dogs,  and  a  monkey. 

The  animals  were  fully  anaesthetised,  except  for  simple  observation 
of  the  effects  of  hypodermic  injection  or  administration  by  the  mouth.  The 
anaesthetics  used  were  usually  chloroform  followed  by  ether.  In  a  few 
experiments  in  dogs  the  combination  of  morphia  (001  grm.  per  kilo)  hj-poder- 
mically  and  paraldehyde  (1-5  cc.  per  kilo)  by  the  stomach  tube  was  employed, 
a  little  chloroform  being  subsequently  given  by  inhalation  during  the  pre- 
liminary dissection.  The  general  results  have  been  very  similar  in  the 
different  types. 

I.    Observations  on  the  intact  anitnal. 

If  a  large  dose  be  given  by  the  mouth,  e.g.,  01  grm.  to  a  dog,  the  chief 
result  is  to  cause  vomiting  in  a  few  minutes,  which  is  repeated  at  intervals 
for  an  hour  or  two,  and  removes  all  but  traces  of  the  quantity  administered 
from  the  possibility  of  absorption.  The  rapid  onset  of  the  vomiting  under 
these  conditions  suggests  that  local  action  on  the  mucous  membrane  of  the 
stomach  is  chiefly  responsible.  It  will  be  shown  later,  however,  that  this 
is  not  the  only  mechanism  by  which  vomiting  is  induced  by  the  drug.  If  a 
dose  of  1  or  2  mg.  is  given  by  the  mouth  to  a  cat  vomiting  does  not  usually 
result.  For  15  to  20  minutes,  indeed,  no  result  is  seen,  as  a  rule.  It  is  then 
noticed  that  the  pulse  is  somewhat  diminished,  and  this  retardation  is 
gradually  accentuated.  The  heart-beat  becomes  perceptibly  more  forcible 
as  the  rate  decreases.  If  vomiting  occurs  with  this  smaller  dosage  it  usually 
happens  about  30  minutes  after  the  administration. 

If  the  Apocynamarin  (or  Cynotoxin)  is  given  hypodermically  the  symp- 
toms appear  more  rapidlj- .  1  or  2  mg.  injected  into  a  cat  caused  vomiting  in 
about  10  minutes. 

In  a  large  dog  injections,  amounting  to  4  mg.  in  all,  caused  pronounced 
slowing  of  the  pulse  with  a  feeling  of  increased  tension,  and  a  similar  result 
was  obtained  with  a  monkey. 

The  following  protocols  illustrate  these  effects  : — 

(1)  Efiect   of   administration    by   the   mouth,    continued  for   S  days.        Cat,   male,   weighing 
2,3U0  grm.  :— 

May  6th. 

Before  any  ApocjTiamarin  was  given  the  rate  of  the  heart-beat,  when  the  cat  was 
kept  quiet,  varied  from  200-190  per  minute. 

3.4  p.m.      2  mg.  ApocjTiamarin  in  capsule  given  by  mouth. 

4.5  p.m.     Heart-beat  160  per  minute.     Perceptibly  more  forcible. 

4.30  p.m.      Heart-boat  172  per  minute,  becoming  quicker  if  the  cat  is  excited. 
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May  7th. 

9.51   a.m.      Cat  quite  normal.      Heart-beat   170  per  minute  when  quiet.      2  mg.   Apocy- 

namarin  in  capsule  given  by  mouth. 
10.20  a.m.      Heart-beat  120  per  minute.     Regular  and  foroible.     No  signs  of  nausea. 

10.22  a.m.      Cat  suddenly  vomited  without  any  premonitory  symptoms. 
10.55  a.m.      Heart-beat  140  per  minute.     No  further  sickness. 

5.10  p.m.      Heart -beat  148-152  per  minute.     Cat  appears  to  be  quite  well.     2  mg.  Apocy- 

namarin  in  capsule  given  by  mouth. 
5.55  p.m.      Heart-beat   100-112  per  minute.     The  animal  is  quiet. 

May  8th. 

10.20  a.m.      Cat  appears  to  be  quite  well.     Heart-beat  140  when  the  animal  is  quiet  ;    it 
becomes  a  little  more  rapid  after  walking  about  the  laboratory. 

10.23  a.m.      2  mg.  Apocynamarin  in  capsule  given  by  mouth. 

10.58  a.m.      Heart-beat  128  per  minute.     No  signs  of  discomfort  or  uneasiness. 
11.30  a.m.      Defecation  and  micturition.      Heart-beat  much  the  same.      No  second  dose 
was  given  on  this  day. 

May  9th. 

11.45  a.m.  Cat  seems  well.     Heart-beat  176-184  per  minute. 

11.50  a.m.  2  mg.  Apocynamarin  in  capsule  given  by  mouth. 

12.24  p.m.  Heart-beat  144  per  minute.     No  symptoms  of  discomfort  or  nausea. 
1.10  p.m.  Heart-beat  156  per  minute.     Micturition. 

3.40  p.m.      Heart-beat  148  per  minute.     Cat  seems  quite  well.     2  mg.  Apocynamarin  ni 

capsule  given  by  mouth. 
3.45  p.m.  Heartbeat  140  per  minute. 
4.25-4.35  p.m.     Four  readings  of  heart-beat  during  this  period  were,  128,  124.  13(i,  140. 

May   10th. 

9.50  a.m.  Heart-beat  148  per  minute. 

10.0     a.m.  2  mg.  Apocynamarin  in  capsule  given  by  mouth. 

10.30  a.m.  Heart-beat  108  per  minute. 

5.0     p.m.  Heart-beat  136  per  minute.    2  mg.  Apocraamarin  in  capsule  given  by  mouth. 

5.35  p.m.  Heart-beat  108-112  per  minute. 

JXay   11th. 

9.55  a.m.  Heart-beat  148  per  minute.     2  mg.  Apocj-namarin  in  capsule  given  by  mouth. 

10.45  a.m.  The  cat  basking  in  sunlight.     Heart-beat  128. 

4.44  p.m.  Heart-beat  140  per  minute.     2  mg.  Apocynamarin  in  capsule  given  by  mouth. 
6.0     p.m.  Heart-beat  108  per  minute. 

May  12th. 

9.45  a.m.      Cat  appears  to  be  quite  well.     Heart-beat    148   per  minute.      2  lug.   Apocy- 

namarin in  capaule  given  by  mouth. 
5.15  p.m.      Heart-beat  148  per  minute.     2  mg.  Apocynamarin  in  capsule  given  by  mouth. 
5.58  p.m.      Heart-beat  140  per  minute. 

May  13th. 

10.0     a.m.  Heart-beat  128  per  minute  wlien  asloo|).     148  when  disturbed. 

10.20  a.m.  2  mg.  ApocjTuamarin  in  capsule  given  by  mouth. 

11.20  a.m.  Heart-beat  120  per  minute. 

2.5     p.m.  Heart-beat  144  per  minute.     2  mg.  Aiiocynamarin  in  capsule  given  by  moutli. 

2.25  p.m.  Heart-beat  120  per  minute. 


May   14th. 
May    18th. 


Heart-beat  148.     Cat  appears  to  be  quite  well.     Experiment  discontinued. 
Heart-beat  180  per  minute.     Cat  appears  to  bo  quite  normal. 
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It  is  clear,  then,  that,  when  the  drug  is  repeatedly  administered  by  the 
mouth  in  small  doses,  the  pulse  rate  of  the  cat,  which  was  normally  180-200 
per  minute  (the  normal  average  of  a  number  of  cats  was  found  to  be  about 
180),  could  be  kept  down  to  an  average  rate  of  about  140.  When  the  animal 
was  fully  under  the  influence  of  the  drug,  from  30  minutes  to  3  hours  after  the 
administration,  the  rate  fell  on  several  occasions  to  about  110.  This  small 
dose  (2  mg.)  by  the  mouth  produced  vomiting  only  on  one  occasion.  There 
was  no  evidence  of  any  cumulative  effect.  In  fact,  on  the  morning  after  the 
day  (8th  May)  on  which  only  one  dose  was  given,  the  pulse  had  regained 
almost  its  normal  rate  (176).  It  soon  became  again  permanently  normal  when 
the  administration  was  discontinued.  During  the  period  of  administration  the 
animal  took  its  food  well  and  rapidly  gained  weight.  When  it  was  killed, 
19  days  after  the  commencement  of  the  experiment,  no  signs  of  gastric  or 
intestinal  irritation  were  found  post  mortem. 

(2)  Cat^ Weight  2,810  grm. 

The  animal  was  very  excitable  and  the  pulse  rate  continuously  above  200. 
10.5     a.m.      Pulse  rate  212  ;    counting  difficult. 
10.25  a.m.       1  mg.  of  Apoc>"nainarin  in  2  cc.  salino  injected  hypodormically.     Pulse  rate 

practicall}'  unaltered,  and  oat  quite  normal  till 
10.37  a.m.      when  vomiting  occurred. 

10.51   a.m.      Cat  vomited  again  ;    much  salivation.     Pulse  188. 
11.0     a.m.      Cat  quiet.     Salivation  continues.     Pulse  148. 

11.15  a.m.      Much  collapsed.    Respiration  very  rapid  ;   cat  pants  with  its  mouth  open. 
11.23  a.m.      Condition  the  same.     Defaecation.     Pulse  104  (irregular). 

11.37   a.m.      Condition  the  same.    Pulse  92  (very  irregular  ;   intervals  of  4  sec.  occiu'rod  with- 
out any  beat).    Another  count  of  the  pulse  was  108. 
11.45  a.m.      Condition  impro\'ing.     Pulse  more  regular  but  still  very  slow. 
12.0     noon     Great  improvement.    Cat  walks  about.    Pulse  160. 
12.10  p.m.      Cat  almost  normal  again.    Pulse  186. 

From  this  time  no  further  sj-mptoms  occurred,  and  after  effects  were  absent. 

In  this  experiment  the  rapid  onset  of  the  symptoms  and  their  com- 
paratively short  duration  indicate  a  very  rapid  absorption  and  excretion 
or  destruction  of  the  drug.  The  slowing  of  the  pulse  was  probably  delayed 
by  the  vomiting.  The  pronounced  retardation  first  appeared  after  the 
vomiting  ceased.  The  panting  respiration  with  the  mouth  open  was  probably 
due  to  high  blood  pressure. 


(3)  Monkey,  male,  April  27th,  1909— A  full  growii  Macacus  Rhesus. 

12.55  p.m.  Pulse  in  femoral  artery  188  per  minute.     2  mg.  Apoc^Tiamarin  liypodermically. 

1.2     p.m.  Pulse  in  femoral  artery,  196  per  minute. 

1.10  p.m.  Pulse  in  femoral  artery,  184  per  minute.    Micturition  durint;  slight  struggle. 

1.15  p.m.  Pulse  in  femoral  artery,  184  per  minute.    Micturition  during  slight  struggle. 
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1.25  p.m.      A  further  2  mg.  ApocjTiamarin  hypodermically. 

1.29  p.m.      Pulse  in  femoral  artery,  168  per  minute  ;    less  compressible. 
1.37  p.m.      Pulse  in  femoral  artery,  152  per  minute. 

1.41   p.m.  P\ilse  in  femoral  artery,  112  per  minute  ;    irregular;    drops  beats  occasionally. 

1.44  p.m.  Pulse  in  femoral  artery,  96  per  minute  some  counts — others  as  high  as  120. 

1.46  p.m.  Pulse  in  femoral  art<>ry  107  per  minute. 

1.47  p.m.  llicturition. 

1.52  p.m.      Pulse  in  femoral  arter}',  108  per  minute.    Put  back  in  cage. 

2.30  p.m.      Vomited. 

3.24  p.m.     Pulse  rapid  and  weak,  but  regular — 210  per  minute. 

3.26  p.m.      Breathing  slightly  wheezy.    Rfiles  in  chest.    Pulse  200  per  minute. 

Next  day  it  had  recovered  completely,  and  is  still  living  and  well. 

A  study  of  these  protocols  in  detail  shows  three  stages  of  action  on  the 
heart.  In  the  case  of  the  cat  to  which  repeated  doses  of  2  mg.  were  given  by 
the  mouth,  the  therapeutic  stage  of  the  action  is  illustrated  b}'  the  minor 
degrees  of  slowing,  accompanied  by  strengthening  of  the  heart-beat.  The 
doses  were,  however,  in  most  cases  absorbed  with  sufficient  rapidity  to  pro- 
duce the  further  stage  of  excessive  retardation,  the  beat  falling  in  several 
instances  to  about  110  per  minute  and  becoming  somewhat  irregular.  This 
stage  of  excessive  inhibition  is  illustrated  more  strikingly  in  the  next  protocol, 
where  it  is  seen  that,  after  1  mg.  hypodermically,  the  pulse  rate  sank  from 
over  200  to  as  low  as  !)2,  being  at  that  time  markedly  irregular.  In  the  case 
of  the  monkey,  which  received  4  mg.  hypodermically  altogether,  this  stage 
of  excessive  inhibition  gave  way  to  the  third  stage  of  excessively  rapid 
pulse,  from  which,  however,  the  animal  recovered.  These  are,  of  course, 
the  well-known  stages  of  digitalis  action,  and  they  have  been  so  completely 
analj^sed  by  Cushny'  and  others  that  we  have  contented  ourselves  with 
showing  that  the  action  of  the  Apocynum  principle  follows  the  same  general 
lines.  Before  passing,  however,  to  the  experiments  under  anaesthetics,  certain 
other  features  of  the  protocols  deserve  mention.  Vomiting  and  purging  have 
been  described  as  effects  of  administering  Apocynum  ;  on  the  one  hand, 
they  have  been  regarded  as  drawbacks  to  its  use  as  a  heart  tonic,  and,  on  the 
other  hand,  have  even  led  some  to  advocate  the  use  of  the  drug  as  an  emetic 
and  cathartic.  Using  the  pure  principle  we  have  seen  no  reason  to  conclude 
that  Apocynamarin  in  therapeutic  doses  is  a  gastric  or  intestinal  irritant. 
Vomiting,  following  an  heroic  dose,  such  as  100  mg.  of  the  intensely 
bitter  substance,  cannot  be  regarded  as  significant.  Smaller  doses  by  the 
mouth  produce  vomiting,  if  at  all,  only  after  the  appearance  of  action  on  the 
heart  indicates  that  absorption  has  taken  place  ;  such  vomiting  occurs 
earlier,  and  far  more  constantly,  if  the  dose  is  injected  hypodermically. 
It  is  clearly,  then,  an  effect  produced  after  absorption,  and  must  be  attri- 
buted either  to  an  action  on  the  centre,  or,  possiblj-,  on  the  musculature  of 
the  stomach.  Such  an  action,  in  producing  increased  tonus  of  plain  muscle, 
probably  accounts  for  the  defaecation  and  micturition  which,  in  some  cases, 
followed  and  appeared  to  be  causally  related  to  the  administration.     There 
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was  no  evidence  of  irritation  of  the  subcutaneous  tissues  any  more  than  of  the 
alimentary  mucous  membrane.  It  should  further  be  pointed  out  that  we 
were,  in  all  cases,  using  hypertherapeutic  doses,  and  it  is  unlikely  that 
vomiting  or  purging  would  result  from  the  use  of  the  pure  principle  in 
jDractical  medicine.  It  seems  probable  that  the  irritant  effects  attributed 
to  extracts  of  Apocjmum  are  due  to  the  presence  of  some  other  constituents 
than  the  active  principle.  Such  experiments  as  we  have  made  with  various 
crude  extracts  lend  support  to  this  conclusion. 

Such  small  variations  of  respiratory  movements  as  we  observed  may 
probably  be  regarded  as  secondary  to  changes  in  the  blood  pressure.  In  a 
few  cases,  especially  in  those  in  which  nausea  and  vomiting  were  prominent 
features,  moist  sounds  were  audible  on  auscultation  of  the  chest.  These 
are  probably  attributable  to  a  reflex  hypersecretion,  secondary  to  the  nausea, 
and  comparable  to  that  produced  by  Squill. 


II.   Experiments  under  ancesthetics. 

The  three  stages  described  above,  with  a  further  stage  leading  to  death, 
can  be  well  seen  in  records  of  the  arterial  blood  pressure  from  an  an.Testhetised 
animal  which  has  received  a  hypodermic  injection  of  5  to  6  mg.  of  the  active 
principle.  In  the  first  stage  it  can  be  seen  that  moderate  slowing  of  the 
heart  is  accompanied  by  rise  of  blood  pressure.  In  the  second  stage,  which 
cannot  always  be  clearly  differentiated,  the  heart-beat  becomes  often  so 
slow  that  the  blood  pressure  falls  below  the  initial  level,  in  spite  of  the 
peripheral  arterial  constriction  to  which  we  shall  refer  later.  Sooner  or  later 
the  retardation  disappears  and  the  heart-beat  becomes  extremely  rapid,  the 
blood  pressure  rising  continuously.  The  change  may  take  place  abruptly, 
as  in  Fig.  8.  Later  the  blood  pressure  shows  marked  fluctuations  corre- 
sponding to  irregular  output  of  the  ventricle.  A  fall  of  the  blood  pressure 
to  zero,  which  is  frequently  quite  sudden,  indicates  failure  of  the  heart-beat, 
and  post  mortem  the  left  ventricle  is  found  in  systolic  contraction,  the 
systole  of  the  right  ventricle  being  masked  by  engorgement.  The  degree  of 
systole  of  the  left  ventricle  varies,  but  is  usually  complete  after  such  doses 
as  that  indicated.  The  different  stages  are  shown  in  Fig.  8.  Fig.  9  illustrates 
the  second  stage  of  excessive  vagus  inhibition. 

If  the  drug  is  injected  intravenously  the  same  sequence  of  stages  can  be 
seen,  but  they  follow  one  another  more  rapidly,  and  are  less  easily  differen- 
tiated, so  that,  as  described  by  Cushny',  with  other  members  of  the  digitalis 
series  injected  intravenously,  the  main  distinction  which  can  be  drawn  is 
between  a  first  stage  in  which  the  beat  is  slowed  by  inhibition,  and  a  second 
in  \\hich  the  heart  escapes  from  inhibition,  becomes  very  rapid  and  then 
irregular,  and  stops  in  systole. 

The  interpretation  of  the  different  stages  is  easily  made  on  familiar  lines. 
The  retardation  of  the  heart-beat  in  the  earlier  stages  is  eliminated  by 
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destruction  of  the  medullary  centres,  by  section  of  the  vagi,  or  by  adminis- 
tration of  atropine.  The  fact  that,  in  the  early  stages  of  the  action  of  the 
drug  on  the  isolated  heart,  a  very  slight  slowing  accompanies  the  increase  in 
amplitude*  suggests  that  there  may  be  a  slight  action  on  the  peripheral 
inhibitory  mechanism,  as  has  been  stated  in  the  case  of  other  members 
of  the  digitalis  scries.  This  action,  however,  is  of  altogether  subordinate 
importance  to  the  effect  through  the  centre,  and  the  effect  of  cutting  the 
vagi  is  almost  equivalent  to  giving  atropine  as  regards  the  elimination  of  the 
inhibitory  effect.  The  quickening  of  the  rhythm,  accompanied  by  rise  of 
blood  pressure,  in  the  third  stage  is  clearly  due  to  escape  from  the  inhibition. 
We  have  found  no  evidence  to  support  Wood's  statement  that  actual 
paralysis  of  the  vagus  mechanism  occurs.  Sokoloff-'  pointed  out  that  with 
Apocynum,  as  with  Digitalis,  a  further  injection  in  the  stage  of  acceleration 
causes  a  temporary  renewal  of  the  inhibition.     We  have  ourselves  observed 


Fig.  9.      X  I  linear.     Cat.     3,592 


grm.,  ether.     1  mg.  Cj-notoxin  injected  intravenouslj- 


between 


that  electrical  stimulation  of  one  vagus  quite  late  in  this  third  stage  is  still 
capable  of  producing  a  distinct  slowing  of  the  beat  accompanied  by  fall  of 
blood  pressure.  The  explanation  originally  advanced  by  Cushny',  and  more 
recently  adopted  by  Lhotak  von  Lhota'\  for  the  escape  from  vagus  inhibition 
of  hearts  poisoned  by  other  members  of  the  digitalis  series,  may  be  applied 
to  this  case  also.  The  heart  muscle  becomes  so  excitable  that  the  impulses 
which  reach  it  through  the  vagus  mechanism  are  no  longer  adequate  to 
produce  an  obvious  retardation.  They  are  not,  however,  without  effect, 
for  we  have  convinced  ourselves  that  the  heart  jiasses  more  rapidly  into  fatal 
delirium  when  the  vagi  are  cut,  or  when  atropine  has  been  injected,  than  when 
the  inhibitory  mechanism  is  left  intact. 


*  An  actual  count  made  on  the  record  reproduced  in  Fig.  17.  shows  53  beats  before,  51  shortly 
after  the  beginning  of  the  drug's  action  in  equal  time  intervals. 
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Nature  of  the  effects  on  the  circulatory  system. 

In  analysing  the  rise  of  blood  pressure  during  the  later  stages  of  the 
action,  two  factors  have  to  be  taken  into  account — increased  peripheral 
resistance  due  to  vaso-constriction,  and  increased  output  of  the  ventricles. 


Action  on  plain  muscle. 

The  occurrence  of  very  pronounced  vaso-constriction  can  be  detected 
without  graphic  appliances  ;  mere  inspection  of  the  exposed  intestines,  which 
become  extremely  pale  during  the  rise  of  pressure  following  injection,  is 
sufficient  to  show  that  vaso-constriction  not  only  occurs,  but  is  so  intense  that 
it  must  play  a  large  part  in  the  production  of  the  rise  of  pressure.  Plethys- 
niographic  records  indicate  the  same.     Fig   10  shows  such  a  record  from 


Fig.  10.      X   )  linear.     Cat.     Ether,     (a)  Carotid  blood  pressure.     (6)  Intestinal  plethysmograph. 
(c)  Time  in  seconds.      Between  J  —  J  0-5  mg.  CjTiotoxin  injected  intravenously. 


a  loop  of  intestine.  We  have  found  nothing  to  support  Sokoloff's  statement 
that  the  action  is  produced  by  stimulation  of  the  medullary  vaso-motor 
centre,  or  of  the  spinal  cord.  Destruction  of  the  whole  brain  and  spinal  cord 
did  not,  in  our  experiments,  diminish  the  vaso-constrictor  action.  On  the 
contrary,  by  reducing  the  arterial  tone  and  blood  pressure  to  a  low  initial 
level,  this  procedure  made  the  effect  of  Apocynamarin  or  Cynotoxin  more 
striking,  the  pronounced  vaso-constriction  which  it  produced,  together  with 
the  alteration  in  the  heart-beat,  causing  a  sudden  rush  of  the  blood  pressure 
from  its  low  level  to  the  maximum,  as  soon  as  the  drug  was  injected  (Fig.  11). 
Nor  is  the  action  on  any  nervous  structure  between  the  sj)inal  cord  and  the 
arterial  musculature,  since,  after  doses  of  ergotoxine  sufficient  to  abolish  the 
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vaso-constrictor  effect  of  adrenaline,  which  now  produced  only  a  fall  of 
blood  pressure,  the  vaso-constrictor  effect  of  Apocynamarin  was  unimpaired, 
as  could  be  seen  from  the  rise  of  blood  pressure  and  the  pallor  of  the  intestines 
which  it  still  produced.  Measurement  of  the  rate  of  outflow  from  the 
coronary  vessels  of  hearts  perfused  by  Langendorii's  method  show  that 
marked  constriction  of  these  vessels  also  is  produced  by  Apocynamarin  and 
C3'notoxin.  Since  there  is  no  clear  evidence  of  the  possession  of  a  vaso- 
constrictor nerve  supply  by  these  vessels  this  fact  points  again  to  the  action 
of  the  principle  being  on  the  actual  plain  muscle  of  the  arteries.  In  this 
respect  our  conclusions  are  in  agreement  with  those  of  Wood'-'',  and  differ 


Fig.   11.      X  J  linear.    Cat.    Cervical  cord  cut  and  brain  destroyed.    Artificial  respiration, 
blood  prossuro.     Time  in  10  sec.     2-5  ing.  ApocjTiamarin  injected  intravenously. 


from  these  of  Sokoloff-^  Other  organs  containing  plain  muscle  are  similarly 
affected,  contraction  of  the  muscular  walls  of  the  stomach  intestine,  urinary 
bladder,  spleen,  and  uterus  being  produced.  Fig.  12  shows  the  effect  of 
adding  1  mg.  of  Apocynamarin  to  250  cc.  of  warm  oxygenated  Ringer's 
solution  in  which  a  short  length  of  rabbit's  jejunum  was  susjiended  so  as  to 
pull  on  a  recording  lever.  Fig.  13  shows  the  effect  of  the  same  dose  on  the 
isolated  horn  of  a  cat's  uterus  under  identical  conditions.  In  both  cases  it  is 
seen  that  the  tonus  is  increased  to  such  an  extent  as  practically  to  obliterate 
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the  spontaneous  rhythm.  Contraction  of  the  spleen  was  shown  in  plethys- 
mographic  records,  and  in  one  case  wide,  rhythmic  variations  of  volume 
appeared,  quite  independent  of  the  blood  pressure.  Intense  tonic  con- 
traction of  the  urinary  l)ladder  is  caused  by  intravenous  injections,  and,  after 


Fig.  12.  X  4  linear,  l.^uiuira  1,>,.,,  m1  ivii^l.u  ..  j,:jui.u;ii.  U..wi,.,i.i.,Ke  ut  k-wt  =  t-onlraetion. 
At  J  1  mg.  Apocjiiamnrin  added  to  the  250  ee.  of  warm  oxygenated  Ringer's  solution  in 
which  the  loop  was?  suspended.     At  ^  chance  to  pure  Rincer. 


Fig.  13.      X   5  linear.       Isolated  horn  of  cat's  uterus  (non-pregnant).      Conditions  as  in  Fig.   12. 
At  I  added  1  mg.  Apocj-namarin  ;   at  J^  change  to  pure  Ringer. 

a  large  intravenous  injection,  the  lumen  was  practically  obliterated.  The 
effect  on  the  peripheral  arteries  is,  therefore,  merely  one  instance  of  the 
general  stimulation  of  plain  muscle  fibres. 
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Actio7i  on  the  heart. 

For  studying  changes  in  the  output  of  the  heart  some  form  of  cardiometer 
would  appear  to  be  the  ideal  instrument.  Some  of  the  defects  of  Roy  and 
Adami's  instrument  have  been  indicated  by  Cushny',  who  pointed  out  that 
a  decrease  in  ventricular  volume  may  be  masked  by  simultaneous  engorge- 
ment of  the  auricle.  This  objection  would  be  overcome  by  using  an  instru- 
ment which  enclosed  the  ventricle  only.  Such  can  be  made,  and  has  been 
used  by  several  observers,  by  covering  the  end  of  a  thistle-funnel  with  thin 
rubber,  burning  a  central  hole,  and  pushing  the  annular  rubber  diaphragm 
thus  formed  over  the  ventricles,  so  that  its  edge  grips  the  auriculo-ventricular 
ring.  We  failed  to  adjust  this  instrument  so  as  to  exclude,  at  the  same  time, 
leakage  and  hampering  of  the  heart's  action.  In  several  cases,  when  the 
instrument  seemed  successfully  adjusted,  injection  of  Apocynamarin  produced 
a  surprisingly  small  effect  both  on  the  cardiometer  record  and  tlie  blood 
pressure.  In  such  cases  withdrawal  of  the  instrument  was  succeeded 
immediately  by  the  rise  of  blood  pressure  characteristic  of  the  action  of  the 
drug.  We  were  more  successful  with  a  simple  thistle-funnel  slipped  inside 
the  opened  pericardium,  which  was  tied  securely  round  the  rim.  The  record 
shown  in  Fig.    14  was  thus  obtained,  a  small  Brodie's  bellows  being  the 


Fie;.  14.     x  J  linear.    Cat. 


Cardiometer-record  of  ventricular  volume, 
injection  of  0-5  mg.  Apocjiiamarin. 


A — Normal.      B — After 


recording  instrument.  Though  we  were  able  thus  to  demonstrate  directly  the 
increase  of  output,  the  cardiometer,  in  our  hands,  proved  less  suitable  for 
following  the  effect  of  the  drug  on  the  heart  through  its  various  stages,  for 
a  very  small  difference  in  the  adjustment  is  sufficient  to  vitiate  the  record 
completely.  For  this  jjurpose  we  found  methods  which  recorded  the  muscular 
contraction  of  the  heart  wall  much  more  suitable. 

The  course  of  events  is  so  clearly  similar  to  that  described  for  other 
members  of  the  digitalis  series  that  we  contented  ourselves  with  recording 
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contractions  of  the  ventricles,  since  there  is  little  room  for  doubt  that 
Cushny's^  analysis  of  the  effect  of  various  members  of  the  series  on  different 
chambers  of  the  heart  will  apply  to  this  case  also.  We  recorded  the  con- 
tractions of  the  dog's  left  ventricle,  in  situ  by  means  of  Cushny's  modification 
of  the  Roy-Adami  myocardiograph,  and  of  the  left  ventricle  in  isolated  per- 
fused hearts  of  cats  and  rabbits  by  the  ordinary  method  of  suspending 
from  the  aorta,  and  connecting  the  lever  to  a  hook  in  the  tip  of  the  left 
ventricle.  In  the  experiments  on  dogs,  which  were  antesthetised  \vlth 
morphia  and  paraldehyde,  a  little  chloroform  being  added  during  the 
operative  preparation,  the  blood  pressure  was  also  recorded  from  the  carotid 
artery.    Fig.  15  shows  samples  of  a  continuous  myocardiographic  record,  the 


Fig.  15.  X  J  linear.  Dog  (3^  kilos. ).  Morpliia  and  paraldehyde.  Cliloruform.  Myocardiograpliic 
record.  Injection  of  2  mg.  of  ApocjTiamarin  intravenously.  Time  =  2  sec.  A — Before 
and  just  after  injection.     B — 30  sec.  later  than  end  of  A.     C — 96  sec.  later  than  end  of  B. 


changes  in  blood  pressure  being  indicated  by  the  figures  placed  above  the 
tracing.  In  this  instance  the  preliminary  slowing  is  almost  absent  though 
the  vagi  were  intact.  Probably  the  cardio-inhibitory  centre  was  greatly 
depressed  by  the  anaesthetic.  The  apparent  periodic  irregularities  in  the 
ventricular  tracing  before  the  injection  of  Apocynamarin  were  due  to  the 
artificial  respiration.  It  will  be  seen  that  the  injection  of  Apocynamarin 
caused,  from  the  first,  increase  both  of  diastohc  relaxation  and  of  systolic 
contraction.  As  the  systole  continues  to  gain  in  vigour  the  respiratory 
undulations  become  less  marked.  Section  (B)  of  the  tracing  shows  the  period 
of  maximum  cardiac  efficiency  under  the  action  of  Apocynamarin,  systole 
and  diastole  being  both  increased,  and  the  rhythm  accelerated,  but  as  yet 
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perfectly  regular.  It  will  be  seen  that  during  this  period  the  blood  pressure 
rose  from  the  original  110  to  184  mm.  Period  (C)  shows  a  later  stage  where 
the  contractions  have  become  irregular  and  weak,  diastole  and  systole  being 
both  imperfect.     Fig.  16  from  a  siaiilar  e.Kperiment  shows  the  stage  of  un- 


Fif;.   Hi.       X   5  linear.    From  an  oxporimeiit  similar  to  that  (if  Fii:.   15,  to  illustrate  the  stage  of 
undulatory  blood  pres.siire. 

dulatory  blood  pressure,  the  undulations  corresponding  to  rhythmic  varia- 
tions in  the  amplitude  of  the  ventricular  contractions.  The  condition,  which 
has  been  the  subject  of  elaborate  analysis  by  Cushny^' ',  and  has  been 
produced  by  him  by  other  means  of  excitation  as  well  as  by  digitalis  poisoning, 
is  preliminary  to  the  stage  of  delirious  irregularity.  The  undulations  of  blood 
pressure,  which  are  usually  very  regular  when  they  first  appear,  may  dis- 
appear for  a  time,  the  heart-beat  becoming  temporarily  uniform,  and  may  then 
reai^pear  with  a  different  rhythm.  They  are  well  seen  in  cardiometric  as  well 
as  in  myocardiographic  records.  These  rhythmic  variations  have  been 
shown  by  Cushny  to  be  due  to  the  acquisition  by  the  excessively  excited 
ventricle  of  a  rhythm  of  its  own,  independent  of  that  of  the  auricle.  In  his 
earlier  paper  he  regarded  the  variations  as  being  due  to  the  interference 
in  each  chamber  of  the  two  rhythms,  that  initiated  in  the  chamber  itself  and 
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that  transmitted  from  the  other.  A  maximum  ventricular  beat  would  occur 
when  a  transmitted  impulse  from  the  auricle  coincided  with  an  impulse 
originating  in  the  ventricle  itself  ;  a  minimum  beat,  when  the  transmitted 
impulse  fell  wholly  within  a  refractory  period  of  the  idioventricular  rhythm. 
A  similar  explanation  applied  to  the  rhythmic  variation  of  auricular  con- 
tractions. In  a  later  paper*,  dealing  wholly  with  this  phenomenon,  Cushny 
states  that  he  has  been  able  to  induce  it  after  destroying  conductivity  between 
auricle  and  ventricle,  and  attributes  it  to  a  periodicity  in  the  filling  of  the 
ventricle  by  the  auricular  systole.  This  would  be  more  complete  as  the 
auricular  systole  approached  its  normal  relation  to  the  ventricular  systole, 
and  less  complete  as  it  diverged  from  this.  Since  the  two  rhythms,  though 
different,  are  both  regular,  there  will  be  a  regular  recurrence  of  the  optimum 
relation  of  the  two,  giving  a  maximal  ventricular  output.  The  auricular 
periodicity  is  similarly  explained  by  a  rhythmic  variation  in  the  freedom 
of  the  flow  of  blood  into  the  ventricle.* 

It  cannot  be  doubted  that  this  later  theory  offers  an  adequate  explana- 
tion of  the  phenomenon  as  seen  in  the  heart  in  its  natural  relations.  On  the 
other  hand,  it  clearly  fails  to  explain  the  occurrence  of  the  rh5'thm  in  the 
ventricular  contractions  of  the  isolated  perfused  heart.  Fig.  17  shows  that, 
in  such  a  heart,  perfused  with  Ringer's  solution  containing  Cynotoxin  in  high 
dilution,  the  ventricular  contractions  present  this  periodicity  in  a  very 
marked  form  in  the  stage  of  action  preceding  delirium.  Under  such  con- 
ditions the  left  auricle,  at  least,  is  quite  empty,  and  the  phenomenon  can 
have  no  connection  with  the  filling  of  the  ventricle.  This  observation  suggests 
that  the  interference  of  excitation  waves,  in  accordance  with  Cushny's  earlier 
explanation,  is  a  sufficient  cause  of  the  periodicity,  though  the  fiUing  of  the 
ventricle  may  also  be  concerned  when  the  heart  is  in  its  normal  relation. 
Possibly  a  simultaneous  record  of  auricular  and  ventricular  contractions  on 
the  isolated,  perfused  heart  would  throw  further  light  on  the  subject. 

The  records  from  isolated  hearts,  for  the  perfusion  of  which  Locke's',- 
method  was  used,  correspond  also  in  other  respects  closely  with  those  obtained 
with  the  myocardiograph.  The  final  systole,  as  might  be  expected  from  the 
fact  that  interior  of  the  ventricle  is  exposed  to  no  increasing  pressure,  is  more 
complete  than  that  usuallj'  seen  in  an  animal  killed  by  the  drug. 


Diuretic  action. 

The  chnical  accounts~of  the  action  of  Apocynum  emphasises  its  diuretic 
action,  and  its  consequent  value  in  dropsy.  It  has  even  been  called  the 
"  vegetable  trocar  "  (cp.  Dabney'). 

Though  the  diuretic  action  of  the  drugs  of  the  digitalis  series  is  a  familiar 
clinical  phenomenon,  many  experimental  investigations  of  the  effect  have 


*  The  same  phenomenon  has  quite  recently  been  studied  by  Straschesko^,  whose  conclusions 
as  to  its  cause  are  practically  identical  with  those  of  Cushny's  later  paper. 
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yielded  results  not  immediately  accordant  with  the  clinical  observation. 
Bradford  and  Phillips',  and  Gottheb  and  Magnus"  found  that  the  kidney 
vessels  did  not  escape  the  general  vaso-constrictor  effect  of  this  drug,  and 
Brunton  and  Power",  Pfaff-'.  and  Marshall'',  all  found  that  diuresis  was 
decreased  by  the  large  doses  which  they  administered.  It  has  recently  been 
pointed  out  by  Jonescu  and  Loewi"  that  therapeutic  doses  of  these  drugs 
produce  but  the  slightest,  if  any,  rise  of  the  normal  blood  pressure,  but  that 
they,  nevertheless,  produce,  especially  in  rabbits,  a  greatly  increased  diuresis, 
accompanied  by  increased  kidney  volume. 

Our  exjaerience  with  Ajjocynamarin  has  been,  on  the  whole,  of  a  similar 
nature.  In  the  cat  and  dog  large  doses  (1  mg.  or  more)  intravenously  cause 
a  primary  diminution  of  the  flow  of  urine,  which  usually,  however,  gives  way 
to  acceleration.  The  kidney  volume  diminishes  during  the  initial  retardation 
of  the  urine  flow,  to  increase  again  beyond  the  original  as  the  secondary 
acceleration  occurs.  If  the  drug  is  very  slowly  absorbed  after  subcutaneous 
injection  it  is  possible  to  observe  a  considerable  increase  in  the  flow  of  urine, 
even  though  cardiac  inhibition  prevents  the  rise  of  the  blood  pressure  beyond 
the  initial  level.    Fig.  18  illustrates  such  a  condition  in  an  experiment  on  a  cat. 


Fig.  18.  X  »  linear.  Cat.  Chluruturm  and  ether,  (a)  Drop  record  of  urinary  secretion  (bladder 
cannula);  (6)  Carotid  blood  pressure ;  (c)  Time  in  10  sec.  A — Normal.  B — 6  minutes 
40  sec.  after  hypodermic  injection  of  2  mg.  ApocjTiamarin. 


We  found,  also,  in  accordance  with  the  statements  of  Pfafl'  and  of  Jonescu 
and  Loewi,  concerning  the  digitalis  drugs,  that  the  rabbit  is  far  more  sen- 
sitive to  the  cUuretic  effect  of  small  doses  of  Apocynamarin  than  the  dog  or 
cat.  Fig.  I'J  shows  the  eiiect  of  intravenous  injection  of  0-5mg.  of  Apocyna- 
marin on  the  flow  of  urine  and  kidney  volume  in  this  animal.  One  other 
point  deserves  mention.    It  has  been  mentioned  Iiy  Pfaff ,  and  by  Jonescu  and 
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Loewi,  that,  after  an  injection  of  Digitalis,  even  when  this  of  itself  produced 
no  diuresis,  as  is  frequently  the  case  in  the  dog,  a  subsequent  injection  of 
Caffeine,  which  of  itself  has  also  unusually  little  effect  in  the  dog,  produces 
a  profuse  diuresis.  In  the  case  of  Apocynamarin  the  converse  seems  also  to 
be  true.  In  a  rabbit,  after  an  injection  of  Caffeine  which  was  in  itself  but 
feebly  diuretic,  an  injection  of  Apocynamarin  produced  a  diuresis  far  more 


Fig.  19.  X  I  linear.  Rabbit.  Urethane.  (a)  Kidney  volume  ;  (h)  Carotid  blood  pressure  ; 
(c)  Drop  record  of  urine  flow,  and  zero  of  blood  pressure  ;  (rf)  Time  in  10  sec. 
Between  I   —  I   0-5  mg.  Apocynamarin  injected  intravenously. 

profuse  than  could  be  accounted  for  by  the  addition  of  the  effects  which 
the  two  drugs  would  separately  produce.  This  appears  to  be  one  of  the 
rare  instances  where  polypharmacy  has  an  experimental,  though  not,  as  yet, 
a  completely  rational  basis,  and  deserves  further  investigation. 


Excretion. 

Attempts  were  made  to  detect  by  physiological  tests  the  presence  of 
Apocynamarin  in  the  urine  from  the  cat  which  received  two  doses  of  2  nig. 
2Kr  diem  by  the  mouth  for  eight  days.  Three  sejiarate  samples  of  urine  were 
used,  but  all  gave  negative  results.  The  question  as  to  whether  it  is  excreted 
as  such,  or  destroyed  in  the  body,  must,  therefore,  remain  open,  though 
the  negative  evidence  is,  on  the  whole,  in  favour  of  the  latter. 
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Conclusions. 

It  is  clear  that  the  characteristic  effects  of  the  two  species  of  Apocynum 
under  consideration  are  due  to  the  bitter  principles  named  Cynotoxin  and 
Ajjocynamarin  by  their  respective  discoverers.  There  is  no  pharmacological 
indication  of  any  difference  between  the  two.  The  action  is  in  all  respects  a 
characteristic  digitalis  effect.  Careful  quantitative  comjiarison  with  other 
pure  principles  would  be  needed  to  estabhsh  the  position  of  the  drug  in  the 
digitahs  series.  We  have  only  determined  that  its  vaso-constrictor  action  is 
considerably  more  powerful  than  that  of  Strophanthin  ;  its  action  on  the 
heart  seems  but  little  weaker  than  that  of  the  latter.  Its  diuretic  effect  seems 
to  be  similar  to  that  of  other  drugs  of  the  series.  On  the  other  hand  it  appears 
to  be  excreted  or  destroj'ed  with  comiDarative  rapidity,  and  there  seems  to 
be  experimental  basis  for  the  statement  that  Apocynum  is  not  cumulative 
in  its  action.  This  fact  should  tell  in  favour  of  the  use  of  Apocynum  in 
practical  therapeutics,  and  the  emplojmient  of  the  pure  active  principle 
should  eliminate  the  drawbacks  which  have  hitherto  restricted  its  use, 
and  which  seem  to  be  due  to  the  presence  of  other  constituents  of  an  irritant 
nature  in  the  crude  extracts.  We  have  observed  no  irritant  effects  with  either 
oral  or  subcutaneous  administration  of  the  pure  principles.  The  rapidity  of 
the  action  enjoins  caution  with  regard  to  subcutaneous  dosage. 

It  is  a  f)leasure  to  acknowledge  our  indebtedness  to  Messrs.  Finnemore 
and  Moore  for  the  specimens  of  active  princiiDles  ;  also  to  Dr.  F.  B.  Power 
for  kindly  criticising  our  account  of  the  chemical  investigations. 


Summary. 

1.  Crystalline  Apocynin  (Acetovanillone)  has  but  the  feeblest  jibj-sio- 
logical  action  when  pure. 

2.  The  true  active  principle  of  Apocynum  is  a  definite  crystalline  non- 
glucosidal substance,  to  which  the  names  "  Cynotoxin  "'  and ""  Apoc}-namarin" 
were   given   by   the    investigators   who   independently    obtained    it    from 

A.  cannabinum  and  A.  androscemijolium  respectively.     Its  action  is  in  all 
respects  that  of  the  digitahs  series,  but  its  effect  is  apparently  not  cumulative. 
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ON    THE    AURTCULO-XODAL    JUNCTION. 

By  ALFRED   E.   COHN. 
( New    York.) 

SixCE  the  announcement  by  GaskelP  in  1883  of  the  theon-  of  stimulus 
transmission  from  auricle  to  ventricle,  the  endeavour  to  discover  the 
anatomical  pathway  over  which  stimuli  could  be  propagated,  has  beer- 
persistent.  The  investigations  which  have  been  made  have  demonstrated  the 
existence  of  a  pathway  of  muscular  fibres  and,  by  experiment,  have  shown 
its  physiological  significance.  Paladino'-  is  reported  by  Bardeleben  to  have 
been  the  first  to  find  such  a  connection,  but,  according  to  Retzer,  «ho 
examined  the  evidence,  there  is  no  mention  of  the  fact  in  Paladino's  paper. 
In  1802,  nine  years  after  Gaskell's  paper,  Kent*  first  reported  the  presence 
of  this  muscular  connection,  together  with  experiments,  in  which  he  used 
a  clamp  (p.  250),  while  His  (Jr.),'  soon  afterwards  published  his  results 
independently,  citing  experiments  to  substantiate  his  discovery  of  a  definite 
bundle  of  fibres.  In  the  course  of  the  following  years.  His  added  more 
evidence  to  his  view  of  the  subject,  but  nothing  further  was  done  until,  in 
1904,  both  Retzer'-'  and  Braeunig-  substantiated  Kent's  and  His's  obser- 
vations. There  the  matter  rested  until,  in  1906,  Tawara'"' described  in  elaborate 
detail  what  was  known  at  that  time,  and  showed  that  the  Purkinje  fibres 
represented  the  end-branches  of  the  auriculo-ventricular  bundle.  He  also 
described  the  A-V  node,  to  which  his  name  has  since  been  attached,  as  a 
localized  swelling  on  the  bundle  consisting  of  a  close  interlacement  of  fibres, 
and  made  clear  the  origin,  course,  and  endings  of  the  whole  system.  Soon 
after,  in  1906,  Keith  and  Flack',  and  Fahr'  (in  part)  substantiated  these 
views,  while  in  1908  Monckeberg"  in  a  large  monograph,  amplified  them,  and 
described  the  pathological  changes  in  the  bundle  noted  up  to  that  date. 
The  unusual  glycogen  content  of  the  Purkinje  fibres  was  first  described 
by  Marchand'",  and  later  by  Aschoff  for  Nagayo'  in  1908.  References  to 
details  of  these  matters  are  to  be  found  in  Tawara's  and  Monckeberg's 
monographs*. 

*  The  course  of  the  auriculo-ventricular  bundle  is  as  follows  :  Its  fibres  take  their  origin  from 
the  auricular  rausculatiu-e,  as  set  forth  in  the  present  paper,  and  pass  forward  to  form  the  node  of 
Tawara  at  the  lower  edge  of  the  aiu-icular  muscle.  In  most  mammals  the  bimdle  then  proceeds 
forward  and  somewhat  upward  and  usually  to  the  left,  passing  to  the  right  of  the  central  fibrous 
body.  Then  it  passes  forward  in  the  pars  membranacea  sepli,  the  lower  part  of  which  it  perforates, 
usually  nearer  the  left  than  the  right  side,  but  subject  to  considerable  variation.  At  the  anterior 
Vol.  I,  No.  2. 
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Figs.  1  t  .  i;  111.,  fitriires  show  the  gradual  separation  from  auricular  musculatvu-e  of  Bbres 
which  form  the  auriculo-nodal  junction  (Fig.  1):  the  transition  (Figs.  2  and  3)  of  these 
into  those  of  the  aimculo-ventricular  node:  and  the  complete  separation  (Figs.  4  ando) 
of  the  auriculo-ventrieular  node,  and  the  beginning  of  the  passage  ventrally  to  form  the 
auriculo-ventrieular  bimdle  (Fig.  6).  The  drawings  are  made  from  a  series  of  sectioi^  of  the 
septum  of  the  heart  of  a  Cercopithecus  (magnification  25  diam.).  The  top  of  each  figure  is 
dorsal,  the  bottom  ventral. 
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or  even  nearer  the  left  side.  These  variations  of  position  probably  depend  on 
the  embrj-ological  history  of  the  individual  ease,  and  are  the  outcome  of 
the  topographical  condition  in  which  the  upper  connection  of  the  primitive 
auricular  canal  is  left  after  its  invagination  into  the  ventricle,  and  the 
changes  subsequently  wrought  in  the  formation  of  the  interauricular  and 
interventricular  septum  (Retzer'^),  by  the  joining  of  the  upper,  intermediate, 
and  inferior  embryological  septa. 

It  can  readilv  be  imagined  that  during  its  development,  the  auricle  may 
come  to  lie  somewhat  lower  in  relation  to  the  ventricle,  so  that  the  auriculo- 
ventricular  junction,  instead  of  passing  horizontally  in  the  septum,  lies 
somewhat  obliquely,  the  line  passing  from  the  left  side  downward  to  the 
right,  a  condition  not  infrequently  seen  and  not  to  be  explained  by  an 
inclined  plane  of  the  sections.  Another  variation  which  maj'  occur  is  that 
the  auricular  union  with  the  bundle  takes  place,  rarely  it  seems,  at  a  point 
rather  far  forward  in  its  course.  These  two  variations  in  the  embryology 
may  well  account  for  several  of  the  atypical  anatomical  appearances  in  the 
neighbourhood  of  the  pars  membranacea  septi.  The  bundle  begins  at  the 
auriculo-ventricular  node,  and  in  its  passage  forward  and  to  the  left, 
curves  somewhat  upward  at  first,  and  subsequently  downward  ;  in  other 
words,  it  is  convex  upwards.  The  height  of  the  curve  in  any 
instance  will  depend  on  the  position  in  which  the  lowest  portion  of  the 
auricle  (where  the  nodal  junction  is  made)  is  left  in  relation  to  the  ventricle 
after  the  invagination  of  the  auricular  canal  ;  the  more  oblique  the  auriculo- 
ventricular  junction,  the  greater  will  be  the  convexity  of  the  curve,  and  the 
lower  will  the  node  appear  to  lie. 

It  follows  from  these  considerations  that  the  point  or  points  of  the  node, 
from  ^^  hich  fibres  of  communication  to  the  auricle  arise,  must  vary  in  diiferent 
hearts  according  as  the  position  of  the  node  varies  in  its  relation  to  the  course 
of  the  bundle  and  the  auricle.  If,  as  is  usually  the  case,  the  course  is  horizontal, 
the  junction  fibres  lie  behind  and  to  the  right.  If  it  is  curved,  with  its 
convexity  upward,  they  will  come  off  posteriorly,  from  below,  and  from  both 
sides,  considering  the  node  as  ovoid  or  cubical  in  shape.  As  to  whether 
they  arise  on  the  left  side  seems  to  depend  on  whether  the  node  lies  near  the 
median  line  or  on  the  left  rather  than  on  the  right  of  the  septum. 

The  aukicui.o-xodal  jcxctiox. 

In  the  first  reports  of  the  communications  of  the  bundle,  by  Kent,  the 
localisation  of  the  bundle  or  bundles  is  vague,  and  the  course  is  not  clearly 
described.  A  description  of  the  nature  of  the  auricular  connection  is 
entirely  wanting.     His  (p.  23)*  describes  the  anatomy  as  follows  : — "  The 

*  He  gives  no  account  of  how  the  junction  between  auricle  and  bundle  is  effected,  while  two 
oiTors  are  manifest  ;  first,  the  assertion  that  the  auriculo-ventricular  bundle  begins  in  the  pos- 
terior wall  of  the  right  auricle,  whereas  the  actual  starting  poipt  is  in  the  floor  of  the  coronary 
sinns  ;  and  second,  the  assertion  that  there  is  an  exchange  of  fibres  at  the  upjier  edge  of  the 
ventricular  septum  with  ventricular  muscle  (an  error  also  made  by  Retzer). 
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bundle  arises  at  the  i^osterior  wall  of  the  right  auricle.  Near  the  inter- 
auricular  septum  in  the  atrioventricular  groove,  it  lies  on  the  upper  edge 
of  the  interventricular  septum,  with  which  it  exchanges  fibres." 

Retzer  (p.  S)  in  his  description  says  that "  the  connective  tissue  disappears 
entirely  (from  between  the  auriculo-ventricular  bundle  and  the  auricle), 
and  the  bundle  can  no  longer  be  sejiarated  from  the  rest  of  the  musculature 
(Fig.  8),  especialh^  since  the  course  of  the  fibres  is  the  same  as  those  of  the 
auricle."  There  is  also  a  further  reference  (p.  13),  and  the  final  observation 
'■  that  in  his  series  the  bundle  at  its  origin  unites  completely  with  the 
auricular  musculature,  so  that  no  further  details  as  to  its  course  can  be 
given"  {i.e., its  course  to  the  posterior  wall  of  the  right  auricle,  which  His 
describes). 

Braeunig  writes  (p. 1 7)  :  ""  At  the  point  where  the  musculature  of  the 
auricle  (right)  is  bounded  by  the  connective  tissue  of  the  atrioventricular 
groove,  two  processes  of  connective  tissue  pass  upward  and  to  the  right 
into  the  muscle.  The  portion  of  the  bundle  which  lies  between  these  con- 
nective tissue  strands,  and  which  is  separated  by  them  from  the  rest  of  the 
musculature,  passes  forward  into  the  connective  tissue  of  the  auriculo- 
ventricular  groove.  This  separation  of  muscle  (from  auricle  by  connective 
tissue)  becomes  progressively  clearer  in  succeeding  sections,  until  the  bundle, 
entirely  separated  from  auricular  muscle,  comes  to  be  entirely  surrounded  by 
connective  tissue." 

Tawara  describes  the  junction  between  auricle  and  node  a  number  of 
times  (for  the  dog  at  pp.  15,  19,  22  ;  for  man  at  pp.  38,  44,  53  ;  for  cats  at 
p.  72  ;  for  sheep  at  pp.  78,  80,  98  ;  and  for  the  calf  at  p.  100).  His  detailed 
descriptions  refer  to  the  dog's  heart.  In  the  sheep's  heart  (p.  128)  he  does 
not  find  that  all  the  fibres  of  the  node  pass  into  the  auricular  muscle  ;  some 
end  blindly  in  the  connective  tissue  and  fat  which  separate  them,  an 
appearance  attributed  by  him  to  the  fact  that  in  his  series  every  section  was 
not  mounted.  It  is  usually  only  at  the  right  side  that  the  node  is  hounded 
by  auricular  muscle.  Dense  fatty  tissue,  through  which  onlj-  occasional 
single  strands  of  muscle  fibres  pass,  surrounds  the  auricular  end  of  it  on  all 
the  other  sides.  Three  methods  of  junction  are  noted  (Plate  IV,  Fig.  6):  (a) 
where  several  node  fibres  form  one  auricular  fibre  ;  {b)  where  a  small  node 
fibre  enters  an  auricular  fibre  oblic^ucly  ;  and  (c)  where  star-like  masses 
are  formed  by  the  convergence  of  several  fibres. 

The  description  in  the  dog  (p.  136)  which  answers  at  the  same  time  for 
man  is  more  complete.  Here  the  connection  is  made  by  the  so-called 
posterior  portion  of  the  auricular  division  of  the  auriculo-ventricular  system, 
the  anterior  portion  being  the  node.  The  fi.bres  of  communication  arise  from 
the  dorsal  and  right  portions  of  the  node  ;  they  are  small  and  do  not  interlace 
as  in  the  node,  but  run  parallel,  usually  in  small  bundles  separated 
by  masses  of  connective  tissue.  They  run  almost  to  the  floor  of  the  coronary 
sinus,  and  are  the  fibre-bundles  which  form  the  jxinction  with  auricular 
muscle.    Tawara  emphasizes  the  fact  that  the  connection  is  with  the  dorsal 
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and  right  side,  while  the  left,  upper,  and  under  sides  are  surrounded  by  fat 
and  connective  tissue.  Histologically  the  fibres  of  communication  pass  over 
gradually  and  imperceptibly  into  auricular  fibres,  a  point  being  reached 
where  their  assimilation  to  the  type  of  auricular  fibre  is  complete.  There  is 
no  detailed  description  for  the  cat  or  rabbit.  For  the  human  heart  he  says 
of  one  case  (p,  38),  "  the  fibres  connect  in  their  posterior  and  right  parts 
with  the  adjoining  auricular  muscle  "  ;  of  another  (p,  44),  that  the  bundle 
fibres  "  are  not  so  sharply  separated  from  true  auricular  muscle  "  ;  and, 
finally,  of  a  third  (p.  53),  that  the  bundle  fibres  "cannot  be  sharply  sejiarated 
from  auricular  muscle,  but  on  the  contrary  are  connected  with  the  latter." 

Keith  and  Flack  merely  observe  that  "  traced  backwards  the  bundle 
is  seen  to  perforate  the  central  fibrous  body  of  the  heart  ,  .  ,  so  as  to 
show  the  bundle  joining  with  the  fibres  of  the  right  auricle." 

Fahr  is  more  definite.  He  says  :  "  Long  thin  muscle  fibres  pass  through 
the  fatty  tissue  (which  surrounds  the  bundle),  and  these  represent  the 
connection  between  auriculo-ventricular  bundle  and  auricular  muscle. 
The  connection  on  the  auricidar  side  between  bundle  and  heart  muscle  is, 
therefore,  not  very  intimate,  for  the  bundle  runs  a  considerable  distance 
obviously  in  a  pathway  of  its  own     .      .     ."  (p.  572), 

After  mentioning  the  posterior  connection  repeatedly,  Monckeberg 
states  his  conclusions  (p,  00),  referring  to  the  human  heart  only.  He  agrees 
with  Tawara's  observations  in  the  main,  Monckeberg,  however,  maintains 
that  beside  connections  on  the  dorsal  and  right  sides,  these  exist  also  above, 
below,  and  in  front. 

The  observations  in  this  paper  were  based  on  studies  made  in  cats, 
rabbits,  monkeys,  dogs,  and  goats.  The  portion  of  the  septum  ventricidorum 
examined,  was  out  in  a  coronal  plane  perpendicular  to  the  long 
axis  of  the  heart.  The  sections,  with  the  exception  of  those  in  a  few  of  the 
dogs,  were  all  cut  at  a  thickness  of  8  micra,  and  every  fifth  section  was 
mounted.  The  stain  used  was  Iron  Hsematoxylin,  and  the  counter  stain 
Picric  Acid — Acid  Fuchsin, 

The  junction  was  clearly  present  in  all  the  animals  examined  in  the 
present  series,  though  the  number  of  fibres  which  form  the  communication 
varies.  There  may  be  a  great  many,  closely  packed  together,  the  strands 
separated  by  masses  of  connective  tissue  ;  or  there  may  be  but  a  few  rather 
thinner  fibres  with  only  delicate  connective  tissue  strands  between.  It 
may  be  that  the  amount  of  connective  tissue  varies  with  the  age  of  the 
animal,  even  though  the  muscle  of  the  bundle,  as  Monckeberg  points  out, 
shows  little  tendency  to  increase  in  amount  from  birth  to  old  age.  From  what 
we  know  of  the  main  stem  of  the  bundle  such  diS^erences  in  the  cpiantity  of 
muscle  fibre  is  not  surprising.  The  important  point  is  that  this  connection 
between  auricle  and  the  node  of  Tawara  is  a  constant  feature. 

In  cats  the  posterior  connection  shows  considerable  variation.  The 
auriculo-ventricular  node  is  often  no  thicker  than  the  bundle  itself,  and 
presents  a  plexiform  arrangement  of  small  fibres  within  a  circumference 
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equal  to  that  of  the  main  stem.  In  other  instances  a  distinct  enlargement 
is  present.  The  fibres  of  the  dorsal  portion  of  the  node  assume  a  parallel 
course,  become  thicker,  and  pass  very  gradually  into  auricular  fibres. 
Sometimes  two  or  more  of  the  smaller  fibres  unite  to  form  an  auricular 
fibre  ;  sometimes  the  transition  is  made  fibre  by  fibre.  On  approaching 
the  auricle  the  number  of  nuclei  markedly  diminishes,  the  auricular  fibres 
proper  showing  relatively  few.  In  node  fibres  proiDcr,  on  the  other  hand, 
striation  of  the  fibres  is  rarely  seen,  while  in  the  transition  fibres  it  comes  out 
clearly,  and  is  fully  developed  in  the  auricular  fibres. 

The  position  of  the  node  and  the  transition  varies  ;  it  may  be  placed  on 
the  left  side  or  in  the  median  line  of  the  septum,  though  its  usual  position  is 
on  the  right  side  either  directh'  under  the  endocardium  or  separated  from  it 
b}^  a  thin  layer  of  auricular  muscle.  The  size  of  the  central  fibrous  body  seems 
to  be  one  of  the  factors  determining  this  variation.  On  the  position  of  the 
node  depends  also  the  direction  in  which  the  transition  fibres  spread.  Usually 
this  is  toward  the  right  and  dorsally.  but  they  may  pass  to  the  left  if  the  node 
is  mesiall}-  placed,  or  on  the  left  side.    Fibres  may  also  come  off  from  beneath. 

The  auriculo-nodal  junction  in  the  rabbit  is  constituted  in  the  same 
way  as  that  in  cats.  Allowing  for  the  difference  in  size  and  the  greater 
paucity  of  fibres,  the  description  given  for  them  suffices. 

In  the  monkey  the  fibres  \\hich  compose  the  node  are  narrower  as 
compared  with  auricular  fibres.    They  possess  relatively  larger  nuclei,  which 


,   7.     Tills    figure    represents    the     transition   fibres    between    auricle    and    node.      It   is 
magnification  of  the  portion  indicated  by  the  square  in  Fig.  1  (magnification  300  diam. ). 
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are  rich  in  fine  chromatin  network.  Occasionally  transverse  striation  is 
seen,  but  it  is  not  the  rule.  Their  arrangement  is  very  intricate,  the  fibres 
interlacing  and  joining  one  another  without  a2:)parent  order.  At  the  point 
of  passage  from  auricle  to  node  (see  Fig.  7),  they  assume  a  course  more 
nearly  parallel,  are  somewhat  plumper,  and  the  fibres  of  the  one  become 
continuous  with  those  of  the  other.  The  passage  from  auricle  to  node  is 
so  gradual  that  it  is  quite  impossible  to  say  where  one  begins  and  the  other 
leaves  off.  Occasionally  it  appears  as  if  an  auricular  fibre  divides  into  two 
or  more  smaller  node  fibres. 

To  the  description  of  the  posterior  connection  in  the  dog  given  by  Tawara 
there  is  little  to  add.  Stress  must  be  laid  on  the  fact  that  it  is  always  to  be 
demonstrated  and  maintains  the  bridge  between  auricle  and  the  auriculo- 
ventricular  system.  The  node  is  usually  to  be  found  on  the  right  side, 
though  it  may  take  up  a  median  jiosition,  and  receives  junction  fibres  at 
all  the  points  of  its  circumference.  The  fibres  of  the  posterior  portion  of 
the  system  do  not  so  constantly  assume  a  parallel  course  as  in  the  cat  and 
monkey.  The  plexiform  structure  is  maintained,  but  becomes  more  wide- 
meshed  ;  the  fibres  then  gradually  run  more  i^arallel,  and  the  transition 
to  auricular  fibres  takes  place  imperceptibly.  T\\o  or  three  nodal 
fibres  may  unite  to  form  an  auricular  fibre,  a  nodal  fibre  may  be  inserted 
obliquely  into  an  auricular  fibre,  an  auricular  fibre  may  end  in  a  plexus  of 
nodal  ones,  though  this  is  unusual,  or,  finally,  a  single  nodal  fibre  may  pass 
into  an  auricular.  As  in  the  cat  nodal  fibres  are  rich  in  nuclei  but  poor 
in  striation.  As  the  auricle  is  approached,  the  nuclei  diminish  and  the 
striation  becomes  more  evident. 

In  the  goaf  the  Purkinje  character  of  the  fibres  persists  until  the  point 
is  reached  where  the  auriculo-ventricular  system  and  muscle  of  the  auricle 
unite,  and  this  character  is  shown  by  the  node  itself.  In  its  posterior  portion 
the  cells  of  the  node  become  smaller,  and  in  general  arrangement  and 
appearance,  though  they  remain  comparatively  larger  than  in  the  other 
animals,  they  assume  the  character  of  the  nodal  fibres  already  discussed.  The 
nuclei,  however,  are  larger,  oval  or  round,  and  somewhat  more  vesicular. 
The  fibres  of  this  portion  are  also  arranged  in  more  parallel  fashion,  and  pass 
over  by  gradations  into  the  auricular  fibres.  In  goats  the  auriculo-nodal 
union  may  occur  either  by  the  union  of  several  fibres  or  by  the  lateral 
insertion  of  a  node  fibre  into  an  auricular.  Frequentlj^  the  transition  takes 
place  more  gradually  by  the  loss  of  nodal  and  the  assumption  of  auricular 
characteristics  (relatively,  the  auricular  fibres  are  slender  and  long,  and 
possess  few  nuclei).  In  the  three  goats  examined,  the  node  and  the 
junction  with  auricle  were  all  on  the  right  side  of  the  septum. 

A  description  of  this  portion  of  the  auriculo-ventricular  system  is  not 
complete  without  reference  to  the  nervous  structures  associated  with  it. 
Tawara  noted  these  in  sheep.  Results  exactly  like  his  were  found  in  this 
series  for  goats.  In  the  neighbourhood  of  the  node  and  in  the  surrounding 
auricular  musculature  of  goats  there  are  numerous    groups    of    ganglion 
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cells  and  a  number  of  large  nerve  trunks.  Besides  these,  rather  thick  nerves 
accompany  the  branches  of  the  main  stem  and  its  two  branches,  being 
intimately  associated  with  the  Purkinje  fibres.  Furthermore,  in  dogs,  cats, 
and  rabbits,  collections  of  ganglion  cells  can  almost  alwaj's  be  found  in  the 
interauricular  sj-stem  close  above  the  transition  of  auricle  to  node. 
Frequently  nerve  fibres  can  be  found  not  only  in  the  immediate  neighbour- 
hood of  node  and  main  stem,  but  actually  accorapanj-ing  the  latter  for  varying 
distances.  In  several  cases,  also,  a  nerve  trunk  was  found  in  the  inter- 
ventricular septum  close  to  the  point  of  division  of  the  main  stem  of  the 
bundle  into  its  branches,  and  this  nerve  trunk  also  di\nded  into  two,  right 
and  left.  In  the  monkey  no  nerves  were  found  in  or  near  the  bundle  or 
node,  but  man\'  were  seen  in  the  interauricular  system. 

Nerves  of  the  kind  here  described  are  larger  sized  trunks,  which  can 
be  made  out  plainly  with  Van  Gieson's  stain.  It  lay  apart  from  the  purpose 
which  the  sections  were  meant  to  serve,  to  employ  special  methods  such  as 
Wilson'''  has  employed,  and  by  the  employment  of  which  he  was  able  to 
describe  the  fine  nerve  plexuses  and  fibres,  which  accompany  the  muscle 
fibres  of  the  bundle,  and  which  were  previously  known  to  exist  in  the 
remaining  musculature  of  the  heart. 


COXCLUSIOXS. 

1.  The  auriculo-nodal  connection  is  constant. 

2.  The  auriculo-nodal  junction  is  subject  to  considerable  variation 
according  to  the  position  occupied  by  the  node.  Under  different  circum- 
stances the  fibres  uniting  auricle  and  node  may  join  any  surface  of  the  latter. 

3.  The  anatomical  variations  at  the  auriculo-nodal  junction  may  be 
explained  as  due  to  embryologic  variations  in  the  formation  of  the  auriculo- 
ventricular  groove  at  the  membranous  septum. 

4.  Coarse  nerve  structures  are  found  constantly  in  the  interauricular 
septum  ;  they  are  always  seen  in  the  auriculo-ventricular  system  of  the 
goat,  frequenth"  in  that  of  the  cat,  rabbit,  and  dog,  but  not  in  that  of  the 
monkev. 
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FURTHER  STUDIES  IN  THE  PHYSIOLOGY  OF  HEART-BLOCK 
IN  MAMMALS.  CHRONIC  AURICULO-VENTRICULAR  HEART- 
BLOCK  IN  THE  DOG. 

By  JOSEPH  EELANGER  and  JULIAN  R.  BLACKMAN. 

(With  histological  reports  by  E.  K.  CiiUen  and  W.  S.  Miller.) 
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INTRODUCTION. 

The  experiments  on  heart-block  in  mammals  which  have  hitherto  been 
reported,  while  indicating  clearly  the  identity  of  Stokes-Adams  disease 
in  man  and  auriculo-ventricular  heart-block  in  the  dog,  have  left  with  con- 
troversial or  unsatisfactory  explanations  many  of  the  signs  and  symptoms 
of  the  disease  in  man".  While  conversing  with  Dr.  William  H.  Welch  on 
this  subject,  the  conception  arose  that  if  chronic  heart-block  could  be 
produced  experimentally  in  some  mammal,  and  if  in  this  way  the  clinical 
picture  of  Stokes- Adams  disease  could  be  duplicated,  we  would  then  be  in  a 
position  to  investigate  the  phenomena  of  that  disease  more  exactly  than  is 
possible  clinically.  At  the  same  time  it  was  hoped  that  such  exiDcriments 
might  throw  more  light  ujjon  certain  questions  concerning  the  jjhysiology 
of  the  heart  beat. 

The  term  "  heart-block  "  (it  would  be  better  to  sj^ecify  auriculo-ventri- 
cular heart-block)  is  now  generally  employed  to  designate  a  condition  caused 
by  partial  or  complete  interference  with  the  normal  sec[uence  of  the  auricles 
and  ventricles.  The  interference  may  manifest  itself  merely  as  a  pause, 
longer  than  usual,  between  the  contractions  of  the  auricles  and  ventricles, 
or  as  occasional,  regular,  or  total  failure  of  the  ventricles  to  respond  to 
auricular  contractions.  There  are  many  factors  which  may  interfere  with  the 
normal  auriculo-ventricular  rhythm.  This  paper,  however,  deals  only  with 
functional  insufficiency  caused  by  mechanical  interference  with  the  trans- 
mission of  the  excitation  wave  from  auricles  to  ventricles. 

Recent  experiments  have  demonstrated  beyond  peradventure  that 
heart-block  is  the  invariable  result  of  cutting,  crushing,  or  injuring  in  some 
other  way  only  that  region  of  the  auriculo-ventricular  junction  through 
which  courses  the  auriculo-ventricular  bundle  of  His.  To  state  the  facts 
in    another    way,    the    auriculo-ventricular    bundle    constitutes     the     only 
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functional  connection  between  the  auricles  and  ventricles  of  the  mammalian 
heart*.  It  should  furthermore  be  added  that,  since  animal  experiments 
have  demonstrated  the  functional  importance  of  the  auriculo-ventricular 
bundle,  it  has  been  found  that  disease  of  this  minute  structure,  and  of 
it  alone,  is  the  cause  of  heart-block,  properly  so  called,  in  manf. 

There  is,  we  believe,  but  one  possible  objection  to  the  sweeping  assertion 
that  the  auriculo-ventricular  bundle  constitutes  the  only  functional  con- 
nection between  the  auricles  and  ventricles  of  the  mammalian  heart.  It 
is  not  unreasonable  to  maintain  that  other  connections  exist  which,  under 
ordinary  circumstances,  are  dormant,  and  that,  in  the  course  of  the  few 
hours  occupied  by  heart-block  experiments  as  hitherto  performed,  they 
do  not  have  sufficient  time  to  assume  vicariously  the  functions  which  normally 
are  performed  by  the  auriculo-ventricular  bundle.  This  objection  seems  to  be 
met  by  those  instances  in  man  in  which  a  lesion,  more  or  less  accurately 
limited  to  the  region  of  the  auriculo-ventricular  bundle,  has  undoubtedly 
served  to  block  permanently  the  passage  of  the  excitation  wave  through  the 
auriculo-ventricular  junction|.  Certainly,  in  such  instances,  sufficient  time 
has  elapsed  for  the  assumption  of  the  functions  of  the  auriculo-ventricular 
bundle  by  other  hypothetical  structures.  Nevertheless,  clinical  observa- 
tions, even  when  confirmed  by  post  mortem  findings,  do  not  carry  with  them 
the  conviction  of  a  clean  cut  experiment.  The  possibility  is  always  present 
that  tissues,  other  than  those  found  diseased,  may  be  the  seat  of  pathological 
processes  which,  however,  have  escaped  detection. 

Furthermore,  the  animal  experiments  heretofore  reported  do  not 
positiveh-  answer  the  question — Is  the  conducting  tissue  of  the  auriculo- 
ventricular  bundle  muscular  or  nervous  ?  It  cannot  be  denied  that  their 
evidence  supports  the  former  \-iew.  There  seem  to  be  strands  of  nervous 
tissue  stretching  from  the  auricles  into  the  ventricles  in  many  parts  of  the 
auriculo-ventricular  junction,  whereas  the  auriculo-ventricular  bundle 
constitutes  the  only  muscular  bridge  ;  destruction  of  this  connection  alone 
produces  heart-block.  Xevertheless,  it  is  justifiable  to  maintain  that  the 
function  of  conducting  the  cardiac  excitation  wave  resides,  not  in  all  nervous 
structures,   but  rather  only  in  those  nervous  elements  which  are  in  the 

*  All  laboratories  with  but  a  single  exception  are  in  accord  with  this  conclusion.  Paukul^', 
working  in  Kronecker's  laboratory,  states  that  hgatures  laid  around  the  auriculo-ventricular 
bundle  do  not  cause  block,  while  Ugatures  in  other  places  may.  Tlie  accumulated  eWdence  of 
all  other  laboratories  forces  us  to  conclude  that  there  was  some  source  of  error  in  Paukul's 
observations. 

j  Our  facilities  for  referring  to  the  cUnieal  Uterature  are  very  limited.  A  recent  review  of  the 
subject  by  Lewis  will  be  found  in  B.M.J.,  Dec.  16th,  190S. 

i  Heineke,  Jliiller,  and  v.  Hosslin  describe  a  case  of  disturbed  conducti\"ity  in  man 
without  the  Stokes-Adams  sjTidrome,  in  which  the  bundle  was  found  completely  obUterated. 
Nevertheless,  they  state  that  the  ventricles  frequently  contracted  with  the  aiuncles,  and  conse- 
quently believe  they  are  justified  in  assuming  that  under  certain  circumstances,  together  with 
long  duration  of  the  affection,  other  routes  for  the  conduction  of  the  cardiac  impulse  may  be 
developed.  Lewis,  however,  states  that  these  authors  are  not  justified  in  drawing  this  conclusion 
because  their  last  observations  were  made  sis  weeks  before  their  patient's  death. 
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closest  relation  \\-\t\\  the  musculature  of  the  heart.  Such  elements  would, 
therefore,  probably  find  their  way  across  the  auriculo-ventricular  junction 
^^ith  the  musculature  of  the  auriculo-ventricular  bundle. 

Finall}-,  clinical  observations  seem  to  indicate  that  Stokes-Adams 
disease  with  complete  dissociation  of  the  beats  of  the  auricles  and  ventricles 
may  be  recovered  from.  For  instance,  a  case  with  complete  auriculo-ventri- 
cular heart-block  giving  a  syphilitic  history  recovered  completely  under 
treatment  \^ith  iodides-.  Such  observations  suggest  that  the  auriculo- 
ventricular  bundle,  or  the  special  conducting  tissue  in  it,  if  such  there  be, 
may  regenerate  after  complete  severance  of  its  continuity.  The  practical 
importance  of  determining  whether  or  not  such  is  the  case  is  obvious. 

These  then  are  some  of  the  questions  which  it  was  hoped  might  be  eluci- 
dated by  a  study  of  animals  surviving  experimental  interference  with  the 
function  of  the  auriculo-ventricular  bundle. 

Consequently,  in  February,  1906,  a  series  of  experiments  upon  this 
subject  was  begun,  in  collaboration  with  E.  K.  Cullen.  A  preliminary  report 
of  this  series,  consisting  in  all  of  seven  experiments,  was  made  before  the 
Johns  Hopkins  Medical  Society  on  23rd  April,  lOOG"*.  These  experiments 
were  interrupted  by  a  change  of  residence  by  one  of  us,  when,  owing  to  lack 
of  necessary  apparatus,  they  could  not  be  resumed  until  March,  1907.  At 
this  time,  in  collaboration  with  J.  R.  Blackraan*,the  research  was  carried  to 
a  state  of  more  or  less  satisfactory  completion^ 


METHODS. 

Description  of  the  operation. — All  of  the  experiments  were  performed 
upon  dogs  ana3sthetised  with  morphine  and  ether.  The  operation  for  the 
production  of  heart-block  was  varied  from  time  to  time.  In  general,  however, 
the  technique  was  as  follows  : — After  having  inserted  a  tracheal  cannula,  an 
incision,  6  to  10  cm.  long,  was  made  on  the  right  side  close  to  the  sternum, 
parallel  to,  and  in  the  second  or  third  intercostal  sj^ace  through  the  skin,  and 
down  to  the  intercostal  muscles.  Through  this  incision  pieces  of  the  second 
and  third,  or  third  and  fourth  ribs  about  6  cm.  long  were  excised  together 
\^-itli  the  attached  intercostal  muscles  and  parietal  pleura.  After  ojiening  the 
pleural  space  artificial  respiration  was  begun.  In  the  first  seven  experiments 
the  usual  intermittent  inflation  of  the  lungs  was  employed  for  this  purpose  ; 
in  the  remainder,  a  modification  of  Brauer's  method,  the  positive  pressure 
being  exerted  uj^on  the  lungs  through  the  tracheal  cannula.  The  pericar- 
dium was  then  incised  and  the  cut  edges  stitched  to  the  edges  of  the  ^^  ound 

*  A  preliminary  report*  of  the  results  of  all  experiments  was  made  shortly  after  their  com- 
pletion. This  final  report  has  been  delayed  in  order  that  the  histological  findings  might  be 
available. 
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in  the  chest  wall.    The  connective  tissue  at  the  root  of  the  aorta  was  grasped 
in  a  long  strong  artery  clamj),  and,  by  means  of  traction  exerted  through  the 
clamp,  the  heart  was  drawn  well  up  into  the  wound  in  the  chest  wall. 
Heart-block  was  then  produced  in  one  of  three  ways  : — 

(1)  With  a  hypodermic  syringe,  the  needle  of  which  was  so  guarded 
that  the  point  could  be  inserted  no  further  than  the  desired  depth,  an 
atterajit  was  made  to  inject  a  solution  of  iodine  in  alcohol  into  the  auriculo- 
ventricular  bundle.  The  needle  was  inserted  in  different  positions,  and  the 
solution  injected  until  heart-block  resulted.  Attention  should  be  called  to 
the  fact  that  heart-block  obtained  by  the  use  of  this  uncertain  method  is  not 
necessarily  due  to  the  injection  of  the  solution  directly  into  the  bundle  ; 
fluid  forced  into  the  heart  tissue  close  to  that  structure  might,  through 
compression,  interfere  with  its  function.  A  block  so  produced  might 
disappear  with  the  absorption  of  the  fluid,  or  it  might  become  more  complete 
through  the  spread  of  an  inflammatory  process  from  the  place  primarily 
injured.  Indeed,  iodine  was  employed  in  these  exjieriments  in  the  hope 
that  it  would  set  up  a  chronic  inflammation  which  would  gradually  sjDread 
to  the  surrounding  tissues.    In  this  hope  we  were,  however,  disappointed. 

In  the  remaining  experiments  the  auriculo-ventricular  bundle  was 
crushed  in  the  heart  clamp  devised  by  one  of  us  for  the  purpose  of  producing 
heart-block  acutely  in  mammals'. 

(2)  At  first  the  clamp  was  applied  to  the  heart  in  the  manner  that  has 
been  described  in  earlier  publications  ;  one  arm  was  inserted  into  the  left 
ventricle  through  the  root  of  the  aorta.  This  was  found  to  be  a  rather  difficult 
procedure,  the  small  size  of  the  oj^ening  in  the  chest  wall  through  which  the 
clamp  had  to  be  manipulated  greatly  hampering  its  i^roper  adjustment. 

(3)  In  the  present  experiments  we  found  it  easier  to  insert  the  L-shaped 
part  of  the  clamj^  into  the  septum  of  the  ventricles  below  the  bundle  b}' 
pushing  it  through  the  wall  of  the  right  auricle  into  the  right  ventricle. 
The  position  at  which  the  point  of  the  clamp  should  be  inserted  into  the 
interventricvdar  sej)tum  can  easily  be  determined  by  momentarily  grasping 
the  upper  edge  of  the  sej^tum  between  the  thumb,  invaginating  the  right 
auricle  before  it,  and  the  index  finger  invaginating  the  left  auricle  before  it. 
For  these  experiments  the  barb  was  removed  from  the  point  of  the  L-shaped 
arm  so  as  to  facilitate  its  withdrawal  after  block  had  been  produced.  In 
order  to  prevent  its  slijiping  from  place  before  it  was  desired  to  withdraw 
it  from  the  heart  it  was  simjily  necessary  to  constantly  exert  j^ressure  upon 
it  in  the  proper  direction.  Then,  when  it  was  found  that  tightening  the 
clamp  blocked  the  impulse  on  its  way  from  auricles  to  ventricles,  the 
tissue  in  the  grasp  of  the  clamp  was  thoroughly  crushed,  and  the  clamp 
removed.  The  heart  was  then  watched  for  some  minutes,  and  when  we  were 
reasonably  certain  that  complete  heart-block  had  been  produced,  the  woiinds 
were  closed:  first,  the  jjericardium,  with  a  continuous  suture;  then  the  chest 
wall,  with  interrupted  sutures,  care  being  taken  to  obviate  pneumothorax  ; 
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and  finally,  after  having  assured  ourselves  that  the  respirations 
were  efficient,  the  tracheal  wound.  The  operations  were  performed  asep- 
tically  ;  in  only  one  case  did  the  chest  wound  break  down.  The  accidents 
encountered  can  best  be  considered  in  connection  \\ith  the  histories  of  the 
sev^eral  cases. 

Methods  of  study. — Usually,  during  the  ten  days  immediately  following 
the  operation,  that  is  to  say,  before  the  bandages  were  removed,  the  arterial 
pulse  rate  and  rhythm  were  determined  by  jjalpation.  When,  in  any  case,  the 
jjulse  became  irregular  to  such  a  degree  as  to  suggest  that  something  of 
interest  might  possibly  be  determined  by  a  more  careful  study  of  it,  tracings 
upon  a  HiJrthle  kymograph  were  made  of  the  pulse  in  the  leg,  using  as  a 
sphygmogra|)h  the  sphjgmomanometer  of  the  author.  In  lieu  of  cardio- 
grams this  method  j^roved  to  be  very  satisfactory,  and  it  jDossessed  the  further 
advantage  of  being  easy  of  application.  After  the  removal  of  the  bandages 
the  study  was  continued  by  the  aid  of  cardiograms.  With  the  exceptions 
to  be  noted  below,  these  were  made  daily  as  a  matter  of  routine.  Upon  the 
appearance  of  anj'thing  unusual  more  careful  and  lengthier  tracings  were 
made.  During  July  and  August,  and  the  first  half  of  September,  1907, 
on  account  of  the  enforced  absence  of  the  authors,  the  animals  were  watched 
by  an  attendant  who  counted  the  pulse  daily  and  noted  unusual  symptoms. 
From  September  until  February,  1908,  owing  to  the  press  of  other  work, 
it  was  found  possible  to  make  tracings  only  occasionally,  although  a  close 
watch  was  kept  over  the  animals. 

In  order  to  facilitate  the  making  of  tracings,  the  animals  w  ere  trained  to 
lie  quieth^,  usually  with  the  operated  side  downwards.  Through  a  space 
between  two  adjoining  tables  the  receiving  instrument  was  applied  to  that 
part  of  the  chest  wall  from  which  the  ribs  had  been  removed.  At  first, 
Marey's  cardiograph  was  employed  as  the  receiving  instrument  ;  later,  a 
funnel.  In  the  latter  case,  the  chest  was  shaved  and  the  edges  of  the 
funnel  vasehned.  The  records  were  made  in  the  usual  way  by  means  of  air 
transmission.  The  curves  obtained  show  the  movements  of  the  ventricles 
and  auricles,  or,  better,  those  movements  of  the  auricles  which  are  not 
obscured  by  the  stronger  movements  of  the  ventricles.  The  time  was 
recorded  in  fifths  of  seconds.  In  a  vast  majority  of  the  records  it  was  then 
a  simple  matter  to  determine  the  rate  of  the  auricles  by  measurement  of  the 
tracings,  after  allow  ing  for  the  obscured  contractions.  Occasionally,  however, 
the  auricles  were  so  irregular  that  this  method  of  estimating  their  rate 
proved  valueless.  As  satisfactory  records  of  the  venous  pulsations  could 
not  be  obtained,  it  was  then  impossible  to  determine  the  auricular  rate 
accurately. 

Special  experiments  requiring  special  technic^ue  were  performed  from 
time  to  time.  Accounts  of  the  methods  used  in  such  cases  will  be  found  in 
their  proper  places. 
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RESULTS. 

General  account  of  experiments. 

Thirteen  attempts  were  made  to  produce  auriculo-ventricular  heart- 
block  in  the  surviving  dog.  Four  of  the  dogs  died  on  the  table,  three 
(Nos.  5,  9,  and  10)  of  hsemorrhage  through  the  puncture  made  in  the  heart 
by  the  clamp  ;  (No.  6)  of  some  unknown  cause.  No.  1  died  a  few  hours 
after  the  operation,  probably  of  iodine  poisoning,  while  No.  2  died  two 
hours  after  the  operation  of  haemorrhage  through  the  puncture  in  the  heart. 

The  remaining  animals  (Nos.  3,  4,  7,  8,  11,  12,  and  13)  survived  the 
operation  long  enough  to  permit  of  a  study  of  its  consequences.  By  way  of 
introduction,  the  results  obtained  in  these  cases  may  be  summarised  as 
follows  : — One  animal  (No.  3)  had  relatively  complete  auriculo-ventricular 
block,  from  which  it  gradually  recovered  in  the  course  of  26  days.  No.  4 
had,  immediately  after  the  operation,  a  very  slight  grade  of  block  which 
disappeared  completely  within  48  hours.  Dogs  No.  7,  8,  11,  12,  and  13 
survived  the  operation  from  6  to  343  days.  All,  possibly  with  one  exception 
(No.  8),  had  complete  and  permanent  auriculo-ventricular  heart-block.  No 
two  of  the  cases  were,  however,  entirely  alike,  although  some  features  were 
common  to  all,  or  to  most,  of  them. 


C.\SES  WITH  COMPLETE    AND,  FOR  THE  MOST  PART,   PERMANENT  AURICULO' 
VENTRICULAR  HEART-BLOCK. 

We  shall  consider  first  the  cases  in  which  the  block  was  complete  and 
permanent,  together  with  the  doubtful  case. 


The  proof  that  the  block  was  complete. 

It  is  justifiable  to  assume  that  the  ventricles  are  beating  independently 
of  the  auricles  when  the  cardiograms  show  two  series  of  waves  each 
more  or  less  regular  in  rhythm,  but  without  any  constant  relation 
the  one  to  the  other".  Fig.  1  shows  small  sections  of  cardiogram 
chosen  at  random  from  each  of  four  cases — a  from  case  7;  h  from  case  8; 
c  from  case  12 ;  and  d  from  case  13.  There  should  be  no  difficulty 
in  recognising  by  inspection  of  this  figure  that  in  all  cases  the  heart-block 
was  complete.  At  other  times,  however,  it  occasionally  happens  that, 
through  short  stretches  of  record,  one  auricular  wave — the  second  or  the 
third  of  each  ventricular  cycle — bears  a  more  or  less  constant  relation  to  the 
corresponding  ventricular  waves.  It  cannot  be  positively  affirmed  that  at 
such  times  the  block  was  complete  ;  but  since  such  stretches  were  almost 
invariably  preceded  and  followed  by  tracings  evidently  made  by  a  heart  in 
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complete  block,  and,  furthermore,  since  they  apjjeared  so  infrequently,  we 
believe  the  conclusion  to  be  justifiable  that  the  block  was  complete  at  all 
times  even  while  these  tracings  were  being  inscribed,  and  that  the  2  :  1  or 
3  ;  1  sequence  seen  in  these  places  was  entirely  accidental.  We  have 
frequently  obtained  in  the  course  of  previous  experiments  on  heart-block 
similar  tracings  in  which  the  block  appeared  to  be  partial  at  times  when 
it  undoubtedly  was  complete. 

In  the  case  of  Dog  Xo.  8,  however,  the  times  when  there  was  some 
doubt  as  to  the  completeness  of  the  block  recurred  so  frequently  and 
occasionally  lasted  so  long  as  to  force  us  to  conclude  that  at  least  in  one 
stage  of  this  animaFs  history  the  block  was  relatively  complete  ;  indeed, 
that  at  times  it  was  partial  (see  Fig.  2).  The  period  in  which  the  block 
may  not  have  been  complete  extended  from  about  the  fifteenth  to  the 
fort\--second  day. 

These  observations  are  in  complete  accord  with  the  histological 
examination  which  shows  that  the  auriculo-ventricular  bundle  had  been 
almost  but  not  completely  crushed  across. 

The  Cjuestion  then  arises — Why  was  the  block  complete  in  the  earlier 
and  later  stages  of  tliis  animal's  history,  while  at  other  times  it  was  partial  ? 
This  difficulty  is  probably  to  be  explained  away  as  follows.  The  portions 
of  the  bundle  that  had  escaped  complete  destruction  were  injured  to  such  an 
extent  at  the  operation  as  to  have  been  rendered  functionally  insufficient. 
Such  insuflSciency  was  maintained  subsec^uently  and  until  about  the  fifteenth 
day  by  the  transudation  of  blood  and  lymph  associated  with  the  injury. 
AVith  the  subsidence  of  the  inflammation  the  part  of  the  bundle  unde- 
stroyed  sufficed  to  occasionally  conduct  imjiulses.  Later,  however,  after  the 
forty-second  daj-,  the  functional  capacity  of  the  remaining  part  of  the 
bundle  was  again  diminished,  probably  through  its  inclusion  in  a  contracting 
scar. 

Dog  Xo.  11  lived  but  six  dajs,  and  consequently  we  have  only 
sphygmograms,  coupled  with  certain  inferences,  as  evidence  upon  which 
to  base  our  opinion.  We  feel  justified,  however,  in  concluding  from  such 
meagre  evidence  that  the  block  in  this  case,  too,  was  complete.  The  e\ndence 
consists  of  (a)  the  slow  pulse  (see  Table  Xo.  1)  ;  (b)  pulsations  seen  at  times 
in  the  neck  (probably  in  the  veins),  which  were  more  frecpient  than  the 
arterial  pulse  and  seemingly  quite  independent  of  them  ;  and  (c)  stoppage 
of  the  ventricles  with  development  of  rhythm  (see  p.  199). 


Usual  rate  of  auricles  and  ventricles. 

Table  Xo.  1  shows  in  columns  .3  and  7  what  we  ma}'  term  the  usual 
rate  of  auricles  and  ventricles  of  the  cases  of  complete  heart-block.  These 
figures  were  not  obtained  by  striking  an  average  of  all  estimations  made, 
since  that  method  would  have  included  manv  abnormal  values.     It  was 
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thought  better  to  peruse  the  cohimns  of  figures  in  tlie  protocols,  and  tlien  to 
set  down  the  figures  about  wliich  the  normal  values  seemed  to  range.  This 
figure,  it  will  be  seen,  is  different  in  each  case.  The  ventricular  rate  was 
slowest  in  the  case  of  Dog  No.  11  (35  per  minute).  It  is  possible  that  the 
acute  purulent  jjericarditis  from  which  the  animal  was  suffering  may  have 
accounted  in  part  for  the  slow  rate  of  beat.  The  ventricular  rate  was 
fastest  in  the  case  of  Dog  No.  8  (50  -pev  minute). 

For  these  differences  in  ventricular  rate  we  have  been  unable  to  account. 
The  table  shows  that  they  are  not  wholly  due  to  differences  in  body  weight. 
If  weight  be  a  factor,  the  relation  is  obscured  by  other  factors,  such,  possibly, 
as  nervous  state,  temperature  (season  of  year  when  observations  were  made), 
age,  etc. 

Under  what  we  may  term  normal  circumstances  the  range  of  ventricular 
rate  in  any  given  case,  excepting  No.  8,  is  not  very  great.  It  does  not,  with 
the  exception  mentioned,  much  exceed  20  beats  per  minute,  the  average 
range,  including  all  cases,  being  somewhat  less  than  25  jjer  minute. 

The  average  of  the  usual  auricular  rate  is  129  beats  per  minute  ;  the  ratio 
of  the  usual  ventricular  to  auricular  rate  is,  therefore,  3-09.  We  place  here  for 
comparison  a  table  (No.  II)  showing  the  A-V  ratio  in  cases  of  heart-block 


Showing  tlic  A-V  ratio  in  acute  lieart-block  in  the  dog  and  in  two  cases  of  clironic 
heart-block  in  man.* 


SUBJECT. 

BATE  PER  MTNUTE  OF 

A  V  RATIO. 

REMARKS. 

V. 

A. 

Dog 

Man.     Case    I 

„        T        ■  • 
II      .. 

'          54.1 
22-4 
31-0 
31.7 

162-1 
79-0 
84-6 
89-3 

3-05 

3-55 
2-73 

2-82 

Average  of  many  estimations 
Maximum  ratio. 
Minimum  ratio. 
Single  observation. 

ilodiiied  somewliat  from  a  table  published  bj'  one  of  the  authors'-. 


in  the  dog  determined  within  a  few  hours  after  its  production,  and  also  the 
A-V  ratio  in  two  cases  of  chronic  heart-block  in  man  which  we  have  had  the 
opportunity  of  studying.  It  is  interesting  to  note  the  similarity  of  the 
ratios  under  different  conditions  in  the  case  of  one  and  the  same  species  as 
well  as  in  widely  sejiarated  species.  8ince  the  A-V  ratio  is  probably  a  measure 
of  the  relative  rhythmicity  of  the  prhnum  movens  of  the  heart  and  the 
ventricles,  the  values  here  given  suggest  the  existence  of  some  cause,  possibly 
teleological,  for  its  constancy,  despite  decided  differences  in  rate. 

The  usual  auricular  rate,  average  129,  is  somewhat  higher  than  the 
heart  rate  in  normal  dogs,  as  given  by  Volkmann,  100  to  120  per  minute. 
This  is  not  surprising  when  it  is  recalled  that  in  heart-block,  with  its  slow 
ventricular  rate,   the  circulation  must  be    sluggish,   and    the    vagus    tone 
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consequently  low.  Xevertheless  it  is  interesting  to  note  that  even  under 
usual  circumstances  the  auricular  rate  may  be  slower  in  heart-block  than 
Volkmann's  normal  minimum.  Thus,  in  each  of  our  cases  the  minimum  rate 
fell  at  times  below  100. 

Compared,  therefore,  with  the  absolute  range  of  auricular  rate  in 
heart-block,  68-8,  that  of  the  ventricles,  approximately  20,  is  very  small, 
although  the  ratio  of  minimum  to  maximum  rates  is  practically  the  same, 
being  about  0-56  in  the  case  of  both  the  auricles  and  ventricles. 


Some  conditions  affecting  tlie  ventricular  rate  during  typical  heart-blocl'. 

Although  constancy  of  the  ventricular  rate  from  day  to  day  is  a  striking 
feature  of  cases  of  heart-block  in  the  dog,  and  we  might  add,  in  man,  too, 
nevertheless  under  unusual  conditions  the  range  of  ventricular  rate  may  be 
a  wide  one,  as  may  be  seen  in  the  table.  Some  of  the  factors  influencing  the 
ventricular  rate  may  be  briefly  referred  to  here. 

(a)  Nervous  states,  such  as  are  seen  while  an  animal  is  being 
trained  to  lie  stiU,  so  that  cardiograms  may  be  made,  markedly  increase 
the  ventricular  rate.  Thus,  the  ventricular  rate  in  the  case  of  Dog 
No.  7  was  70  per  minute  the  first  time  tracings  were  made. 

(6)  In  some  instances  the  afternoon  rates  are  in  general  faster  than 
the  morning  rates.  This  may  have  been  either  a  temperature  effect  or 
merely  a  manifestation  of  diurnal  variations. 

(c)  The  muscidar  exercise  of  running,  together  with  the  accom- 
panying mental  exhilaration,  likewise  increases  the  ventricular  rate. 
Table  III  shows  this  effect  clearl}'.     Conversely,  it  would  appear  that 


Table  III.     Showing  the  results  of  a  few  typical  experiments  testing  the  effect  of  exercise  on  the 
rates  of  the  auricles  and  ventricles  ia  complete  block. 


NO.  OF  DOO. 

DATE. 

IMMEDIATELY  BEFORE 
EXEBCISE. 

IMMEDIATELY  AFTER 
EXERCISE. 

A  RATE  PES 

MIN. 

V  KATE  PER 
ItlK. 

A  RATE  PER 
MIN. 

V  RATE  PER 
Mllf. 

8 
8 
12 

June  5 

6 

135-0 
1.57-5 
142-5 

49-5 
540 

46-5 

146-2 
157-5 
172-5 

55-5 

57-7 

62-2 

the  ventricular  rate  is  diminished  somewhat  when,  under  ordinary 
conditions,  the  animal  rests  quietly  upon  the  table.  This  is,  however, 
difficult  to  demonstrate  clearly  for  the  reason  that  the  animal  usually 
becomes  restive  after  a  time. 

(rf)  The  ventricular  rate  is  notably  fast   in  animals  under  ether. 
For  example,  two  of  the  dogs,  Nos.  S  and  13,  were  antesthetised  on  the 
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eightieth  and  seventy-fifth  days  respectively.  In  the  case  of  the  former, 
the  rate  under  ether  was  105  compared  with  57  under  normal  cir- 
cumstances on  the  preceding  day,  and  67-5  on  the  same  day  but 
subsequent  to  anaesthetisation  ;  while  in  the  case  of  Dog  No.  13  the 
ventricular  rate  under  ether  during  an  operation  was  71-4,  whereas 
under  the  influence  of  morphine  immediately  before  the  administration 
of  the  ether  it  was  39,  and  on  the  day  following,  42-7  beats  per  minute, 
(e)  The  effect  of  morphine  is  illustrated  in  the  preceding  data; 
it  was  studied  more  carefully,  however,  ujnon  another  occasion.  The 
ventricular  rate  immediately  before  a  hypodermic  injection  of  H  gr. 
of  morphine  was  37-5,  it  became  33  when  the  animal  was  fully  under 
the  influence  of  the  drug,  and  with  the  administration  of  ether  the  rate 
increased  to  49-5  beats  per  minute. 

(/)  The  effect  of  digitalin  upon  the  heart  was  tested  in  the  case  of 
Dog  No.  12.  In  the  course  of  44  minutes  4-5  cc.  of  a  1  per  cent,  solution 
of  the  crystalline  alkaloid  (Merck's)  were  injected  intramuscularly.  This 
dose  was  without  obvious  effect,  although  subsequently  an  abscess 
developed  at  the  seat  of  injection.  The  effect  of  a  still  larger  dose  was 
not  tried  through  fear  of  deleterious  action. 

(g)  The  effect  of  atropin  was  not  tested  on  animals  with  comjilete 
block.  It  is,  however,  well  seen  in  the  case  of  the  dog  w  ith  partial  block, 
to  be  considered  later  (p.  215). 

The  auricular  rate,  in  the  conditions  mentioned  above,  is  usually  affected 
as  is  the  whole  heart  when  normal.  This  is  not,  however,  the  case  with 
the  ventricular  rate.  The  respective  rates  of  the  auricles  and  ventricles  may, 
therefore,  suffer  contrary  variations.  An  interesting  instance  of  this  is 
given  on  p.  207. 


Heart  irregularities. 

For  convenience  of  description  the  irregularities  of  heart  beat  we  have 
met  with  may  be  divided  into  two  groups,  namely,  (1)  aperiodic  irregularities  ; 
and  (2)  periodic  irregularities. 

(I)  Aperiodic  irregularities  were  comparatively  rare.  Indeed,  one  of 
the  remarkable  features  of  these  cases  is  that,  despite  the  profound  change  in 
the  way  in  which  the  heart  performs  its  work,  its  action  for  the  most  part  is 
perfectly  regular  in  that  successive  ventricular  cycles  recorded  under  constant 
conditions  are  of  approximately  the  same  duration. 

(a)  Occasionally,  however,  in  the  case  of  two  of  the  dogs,  Nos.  8  and  12, 
and  early  in  their  histories,  considerable  variability  of  the  ventricidar  rate 
was  seen.  Thus,  in  the  case  of  Dog  No.  8,  on  1st  and  3rd  April,  the  duration 
of  the  cycles  varied  irregularly  in  one  place  between  1-2  and  0-84  sec.  (Fig.  3). 
In  the  notes  made  on  the  twenty-fifth  day  of  Dog  No.   12   it  is  recorded 
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that  there  were  scattered  irregularly  and  singly  in  the  midst  of  cycles  of  an 
average  duration  of  1  45  sec,  ventricular  cycles  of  about  2  sec.  duration. 
These  irregularities  were  without  apparent  cause.  The  jDossibility  of  an 
incomplete  block  must,  however,  be  entertained  in  the  case  of  Dog  Xo.  8. 

(6)  Ventricular  extrasystoles  were  seen  upon  one  occasion  only,  namelj', 
in  the  course  of  an  experiment  testing  the  action  of  digitalin  upon  the  heart 
in  the  case  of  Dog  No.  12.  Only  three  were  recorded.  The  extra  cycles 
were  always  a  little  longer  than  the  normal  periods,  but  they  were  never 
compensatory. 

(II)  Periodic  irregularities. — Under  this  caption  two  exceedingly  in- 
teresting and,  in  most  respects,  characteristic  irregularities  \\i\\  be 
described. 

(«)  Periodic  variations  in  the  rate  of  the  auricles,  sometimes  associated 
with  periodic  variations  in  the  rate  of  the  ventricles,  and  u-ith  Cheyne-Stokes 
respiration. 

This  type  of  irregularity  was  met  with  in  all  of  the  animals  that  lived 
long  enough  to  allow  of  careful  study  (all  excepting  Dog  No.  11),  although 
it  varied  greatly  in  the  different  cases,  and  even  in  the  same  animal  from 
time  to  time. 

(1)  It  will  be  convenient  to  describe  first  what  we  believe  to  be  the 
most  marked  grade  or  better,  perhaps,  the  most  jierfectly  developed 
instance  of  this  type  of  irregularity.  On  several  days  early  in  the  month 
of  April,  but  especially  on  the  fourth  day  of  that  month,  the  following 
phenomenon  was  observed  in  the  case  of  Dog  No.  7  (Fig.  4)  : — 

The  respirations  were  of  the  Cheyne-Stokes  type,  though  there 
was  never  at  any  time  complete  apncea  ;  the  respirations  periodically 
became  slow  and  shallow.  With  the  onset  of  the  period  of  cjuiet  respira- 
tions the  successive  auricular  cycles  lengthen,  and  reach  their  maximum 
duration  often  in  the  course  of  2,  3,  or  4  cycles.  The  increase  in  extreme 
cases  may  be  from  a  cycle  lasting  0-4  sec.  to  one  lasting  more  than  1-6  sec. 
At  this  time  the  ventricular  cycles  are  short,  but  toward  the  end  of  the 
period  of  quiet  breathing  they  begin  to  lengthen  at  such  a  rate  that  with 
the  second  or  third  respiration  of  the  dyspnoeic  j^eriod  they  have 
attained  their  maximum  duration.  In  extreme  instances  the  duration 
of  the  ventricular  cycle  has  increased  from  1-6  sec,  or  even  less,  to  4-4 
sec.  Briefly,  slowing  of  the  ventricular  rate  occurs  more  or  less  synchron- 
ously with  acceleration  of  the  auricular  and  respiratory  rates. 

In  cases  of  heart-block  in  man  a  syndrome  has  been  observed  similar 
in  every  respect  to  the  one  just  described  :  "  At  one  time  the  patient 
developed  a  mild  form  of  Cheyne-Stokes  respiration.  At  this  time  typical 
(syncopal)  attacks,  with  marked  slowing  of  the  ventricles,  occurred  with 
great  regularit3^  The  slowing  of  the  ventricular  rate  usually  began, 
say,  in  the  period  of  dyspnoea  just  at  the  time  when  in  other  conditions 
associated  with  Cheyne-Stokes  respiration  of  the  cardio-vascular  type, 
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the  heart  rate  begins  to  increase'".  The  auricles  show  this  increase 
in  rate,  but  .  .  .  the  ventricular  rate  diminishes  when  the  auricular 
rate  begins  to  increase."  "The  subjective  symptoms  of  these  attacks 
were  usually  very  mild  ;  in  them  the  patient  never  actually  lost  con- 
sciousness, although  he  undoubtedly  would  have  fallen  had  he  been 
up  and  about.    The  patient  called  them  "  dizzy  '  spells. "- 

In  this  connection  it  should  be  added  that,  excepting  slight  rest- 
lessness during  the  period  of  dj-spncea  (period  of  slow  ventricular  beats), 
there  were  no  obvious  symptoms  associated  with  the  phenomenon  in  the 
case  of  our  Dog  Xo.  7. 

It  has  been  stated  that  less  perfectly  developed  types  of  periodicity 
have  also  been  observed. 

(2)  Thus,  in  the  case  of  Dog  Xo.  7  we  have  seen  Cheyne-Stokes 
respiration  with  marked  periodicity  of  the  auricles,  and  only  the  slightest 
or  no  periodicity  of  the  ventricles  ;  also  marked  periodicity  of  the 
auricles  only,  at  times  when  the  respiratory  rhythm  was  quite  regular. 
Xeither  Dog  Xo.  12  nor  13  had  at  anj'  time  distinct  Cheyne-Stokes 
respiration.  Xevertheless,  these  animals,  particularly  the  latter, 
exhibited  at  times  marked  variations  in  the  rate  of  the  auricles  (Fig.  5). 
Often  in  these  case  the  variations  in  rate  did  not  recur  with  perfect 
rhythmicity,  and  again  the  auricles  were  often  slow  over  long  periods  of 
time.  Upon  one  occasion  only  was  it  noted  that  the  ventricular  rate 
increased  during  the  periods  of  slo^v  auricular  rate. 

(3)  Periodicity  of  the  auricles  dependent  upon  ventricular  activity. — 
Occasionally,  in  the  case  of  Dogs  Xos.  12  and  13,  while  the  type  of 
irregularity  just  noted  was  in  evidence,  just  one  auricular  wave  was 
inscribed  in  each  ventricular  cycle  during  the  period  of  auricular  re- 
tardation. Xot  infreciuenth"  during  comparatively  long  jDcriods  of  time 
this  single  auricular  Mave  per  ventricular  cycle  was  located  close  to  the 
ventriciilar  wave  that  terminated  the  cjxle  (Fig.  6).  In  this  way  the 
effect  is  produced  of  a  1  :  1  auriculo-ventricular  rhythm  with  long  and 
variable  As-Vs  periods.  We  are  of  the  opinion,  however,  that  we  are 
dealing  here,  not  with  a  1  :  1  rhythm,  but  rather  with  a  marked  degree 
of  another  type  of  periodic  irregularity,  namely,  a  lengthening  of  the 
auricular  cycles  following  each  contraction  of  the  ventricles. 

Upon  several  occasions  during  the  period  of  slow  auricular  rate  no 
auricular  waves  at  all  were  visible  over  comparatively  long  stretches 
of  record  (Fig.  7).  Such  comjilete  disappearance  of  auricular  waves 
may  have  been  apparent  only.  There  may  have  been  just  one  auricular 
wave  in  each  ventricular  cycle,  occurring  during  ventricular  activity, 
and  obscured  thereby. 

In  the  less  extreme  types  it  maj-  be  seen  that  the  first  auricular 
cycle  following  a  ventricular  contraction  is  long,  but  that  the  successive 
auricular  cycles  shorten  until  the  ventricles  again  contract  (Fig.  If  and  d). 
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This  type  of  irregularity  in  all  of  its  variations  was  frequently  met 
with  in  the  case  of  Dog  No.  13. 

It  would  api>ear  that  we  probably  have  to  do  here  with  rhythmical 
variations  of  vagal  tone,  which  increases  with  each  arterial  pulse  only  to 
diminish  again  during  the  interval  between  pulses.  The  fact  that  but 
one  auricular  wave  is  seen  in  each  ventricular  cycle  and  close  to  its 
termination  might  be  explained  by  premising  the  existence  of  a  con- 
tinued high  grade  of  vagal  tone  (see  p.  208),  which  is  diminished  suffi- 
ciently during  each  ventricular  cycle  to  permit  of  but  a  single  auricular 
beat. 

The  factors  determining  the  appearance  of  these  types  of  periodic 
auricular  irregularity,  at  least  in  the  case  of  Dogs  Nos.  12  and  13,  seem 
to  be  (a)  long  continued  heart-block  ;  and  (b)  complete  rejiose.  Thus, 
in  the  case  of  Dog  No.  12,  the  advanced  type  of  this  irregularity  was  first 
observed  in  an  experiment  performed  at  the  close  of  its  third  month, 
for  the  purpose  of  determining  the  action  of  digitalis  upon  the  heart 
beat.  We  are  sure  that  it  was  not  a  digitalis  effect.  It  resulted  from 
the  prolonged  repose  necessitated  by  the  experiment.  That  such  is  the 
case  is  indicated  by  the  fact  that  on  the  next  day  the  irregularity  was 
again  observed,  but  only  after  the  animal  had  become  comi^osed  by  long 
rest  in  the  position  to  which  he  had  been  trained  to  facilitate  the  making 
of  observations. 

In  the  case  of  Dog  No.  13,  this  tyj^e  of  periodicity  was  first  noted 
on  the  forty-second  day,  but  thereafter  was  met  with  infrequently 
and  in  a  very  mild  form  until  after  the  operation  on  the  vagus  nerve 
on  the  seventy-fifth  day.  From  that  time  until  the  animal's  death 
the  periodicity  was  seen  in  almost  every  tracing. 

It  is  interesting  to  note  that  in  the  case  of  Dog  No.  13,  at  least,  when 
periodic  variations  in  the  duration  of  auricular  cj^cles  were  evident,  the 
ventricular  rate  was  usually  relatively  slow.  For  purposes  of  illustration 
we  refer  to  the  records  of  21st  September.  Many  tracings  were  made 
on  this  day.  At  first  the  periodicity  of  the  auricles,  although  present,  was 
not  marked  ;  the  rates  of  the  auricles  and  ventricles  were,  respec- 
tivelj^  102-7  (?)  and  39.  Later  the  periodicity  was  marked  ;  in  the 
8  sec.  period  used  for  the  estimation,  the  auricular  rate,  as  well  as  it 
could  be  determined,  was  37-5,  the  same  as  the  coincident  ventricular 
rate. 

(4)  Nothing  could  be  determined  with  regard  to  the  mechanism 
of  these  several  types  of  periodic  irregularity.  If,  however,  in  the  case 
of  the  extreme  form  (Cheyne-Stokes  respiration  with  retardation  of 
the  ventricles  and  acceleration  of  the  auricles  during  the  dyspnoeic 
period),  we  may  be  permitted  to  assume  that  we  have  to  do  with  a 
stimulus  that  acts  upon  that  part  of  the  respiratory  centre  stimulation 
of  which  stops  the  respirations,  then,  since  the  vagus  has  but  little 
influence  upon  the  ventricles,  the  phenomenon  might  be  explained  as 
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being  due  to  rhythmical  variations  in  the  intensity  of  stimulation  of  all 
of  the  medullar}^  centres.  Stimulation  of  these  centres,  upon  the  basis 
of  the  assumption  made  above,  would  slow  the  respirations  and  tlie 
auricles  (through  the  vagi)  while  accelerating  the  ventricles  (through  the 
accelerators). 

When  the  stimulus  does  not  affect  the  respiratory  centre,  but  only 
the  vagus  and  accelerator  centres,  the  Cheyne-Stokes  respiration  falls 
away,  while  the  rest  of  the  phenomenon  continues.  And  finally,  when 
the  stimulus  in  addition  fails  to  act  upon  the  accelerator  centre,  rhyth- 
mical slowing  of  the  auricles  alone  may  persist,  or  there  may  even  be 
slight  synchronous  slowing  of  the  ventricles. 

In  this  connection  attention  should  be  called  to  the  fact  that  the 
degree  of  variation  of  the  auricular  rate  may  be  much  greater  than  that 
of  the  ventricles.  Indeed,  the  slowest  ventricular  rate  recorded  in  the 
whole  series  of  experiments  was  30,  whereas  we  have  seen  that  in 
comparatively  long  periods  of  time  there  may  be  no  visible  auricular 
waves.  Assuming  that  the  variations  in  the  auricular  rate  are  the 
result  of  vagus  action,  it  then  follows  that  vagus  impulses  of  sufficient 
intensity  to  completely  (?)  inhibit  the  auricles  can  at  most  reduce  the 
ventricular  rate  from  a  median  figure  of  about  42  to  30.  In  other  words, 
vagus  action  in  heart-block  is  much  more  intense  upon  the  auricles  than 
upon  the  ventricles. 

(5)  Irregularity  associated  tvith  sighing  respiration. — We  wish  to 
record  in  this  place  another  irregularity  which,  though  not  rhythmical, 
is  undoubtedly  determined  by  the  same  factors  upon  which  depend  the 
rhythmical  irregularities  noted  above.  This  irregularity,  which  was 
associated  with  a  sighing  resj)iration,  we  have  observed  but  once  in  the 
course  of  our  experiments. 

Upon  a  deep  sighing  respiration,  in  the  case  of  Dog  No.  12,  there 
supervened  a  period  of  complete  apnoea  lasting  24-4  sec.  (Fig.  8).  The 
ventricular  cycles  preceding  the  sigh  lasted,  on  an  average,  2-2  sec. 
Immediately  after  the  ventricular  period  fell  to  1-4  sec,  but  gradually 
the  duration  increased  until  with  the  eleventh  cycle  it  became  prac- 
tically constant,  when  the  period  was  2-46  sec  Before  the  sigh,  about 
four  auricular  waves  were  visible  in  each  ventricular  cycle.  Immediately 
after  the  auricular  rate  was  very  slow,  but  gradually  increased  ;  only 
one  auricular  wave  was  visible  in  the  first  three  ventricular  cycles,  one 
each  in  the  fourth,  fifth,  and  sixth  cycles  ;  the  auricular  rate  then 
gradually  increasing  until  four  or  five  were  visible  in  the  thirteenth 
ventricular  cycle.  The  apnoeic  period  terminated  in  the  twelfth  cycle. 
In  other  woi'ds,  a  sighing  respiration  was  followed  by  a  long  period  of 
apnoea  during  which  there  was  marked  slowing  of  the  auricles  and 
acceleration  of  the  ventricles.  The  phenomenon,  it  will  be  seen,  is 
identical  with  that  observed  in  association  with  Cheyne-Stokes 
respiration. 
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(6)  Group  heating  of  the  ventricles. — The  other  type  of  arrhythmia 
observed  in  these  eases  consisted  of  periodic,  although  somewhat 
irregular,  acceleration  of  the  ventricles.  This  phenomenon  was  seen  in  Dogs 
Nos.  8,  11,  and  12,  but  an  opijortunity  for  stud\'ing  it  carefully  offered  itself 
only  in  the  case  of  Dog  No.  12.  We  shall,  therefore,  describe  in  detail 
first  what  was  seen  in  this  case,  and  then  attempt  to  correlate  with  it 
the  similar  events  seen  in  the  other  instances. 

On  the  3rd  of  May  (that  is,  the  fortieth  day),  while  tending  the  animals, 
the  attendant,  in  the  course  of  ten  minutes,  twice  observed  that  Dog  No.  12 
almost  toppled  over  without  any  apparent  cause.  Tracings  were  immediately 
made  and  they  revealed  the  following  interesting  irregularities. 

In  one  of  the  first  tracings  made  groups  of  from  two  to  five  rajiid  ven- 
tricular contractions  are  separated  from  one  another  by  long  ventricular 
cycles  (Fig.  9).  The  duration  of  the  longest  of  such  long  cycles  on  this 
tracing  is  2-8  sec,  twice  that  of  the  average  cj'cle  of  typical  heart-block. 
The  block,  at  least  in  the  long  cycles,  is  obviously  complete  ;  the  auricular 
rate  is  slow  at  the  beginning  of  the  long  cycles,  but  increases  toward  their  close. 

In  the  very  next  tracing  made  (the  same  day  and  shortly  after  the 
above)  the  groups  of  rajiid  ventricular  contractions  are  much  longer  ;  thus, 
63  beats  at  the  rate  of  ISO  jier  minute  appear  at  the  opening  of  the  tracing. 
Series  of  much  greater  duration  were,  however,  recorded.  For  example, 
during  one  revolution  of  the  jjaper  over  230  rapid  ventricular  beats  had  been 
recorded  when  the  end  of  the  paper  was  reached.  The  beats  of  a  series 
are  not  perfectly  regular  in  rhythm.  Each  series  is  terminated  by  stoppage 
of  the  ventricles  followed  by  what  seems  to  be  a  tendency  to  a  gradual 
resumption  of  the  ventricular  rate  which  is  characteristic  of  heart-block 
(Figs.  10  and  11).  Thus,  in  one  instance,  the  duration  of  the  successive 
ventricular  cycles  in  fifths  of  seconds  is — 24,  21,  7,  15,  10,  8,  7,  when  the 
ventricles  abrujitly  begin  to  beat  rapidly  again.  Here  it  is  impossible  to 
determine  the  relation  of  auricular  to  ventricular  waves,  but  just  previously, 
while  the  ventricles  are  developing  their  rhythm,  it  can  be  seen  that  they  are 
beating  independently  of  the  auricles,  whose  rate  of  beat  is  very  rapid.  Many 
records  of  this  irregularity  were  made  on  this  day. 

On  the  next  day  (4th  May)  group  beating  of  the  ventricles  was  encoun- 
tered rather  infrequently.  Thus,  it  was  not  met  with  during  one  revolution 
of  a  long  record  on  the  Hiirthle  kymograph.  This  record  showed  the  block 
to  be  typically  complete,  the  auricular  rate  being  142-5,  the  ventricular  rate 
40- 5  beats  per  minute.  While  the  paper  was  making  its  second  revolution  the 
irregularity  reappeared.  The  record  of  typical  block  is  here  followed 
by  a  series  of  rapid  ventricular  contractions,  the  rate  of  the  ventricles  being 
141  per  minute.  The  relation  of  ventricular  to  auricular  beats  cannot  be 
made  out.  After  executing  81  such  beats  the  ventricles  suddenly  stop 
and  then  gradually  develop  their  usual  rate,  the  durations  of  the  successive 
ventricular  cycles  being  in  fifths  of  seconds — 27,  21,  16,  13,  11,  9,  8,  7,  6, 
when  the  picture   of  typical  complete  block   obtains   with  142-5  auricular 
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and  42  ventricular  contractions  per  minute.  Many  other  long  tracings 
were  then  made,  but  throughout  all  of  them  the  block  remained  tyiiically 
complete. 

On  the  follo^\ing  day  (5th  May),  during  the  course  of  eight  long  records, 
the  heart  irregularity  we  are  here  considering  appeared  only  twice.  The  first 
instance  occurred  during  the  fourth  revolution  of  the  paper  and  while  the 
heart-block  was  typically  complete.  The  ventricular  rate  was  46-5,  the 
auricular  rate  123-7.  The  series  of  rapid  ventricular  contractions  consisted 
of  27  systoles  at  the  rate  of  21 0  per  minute.  Fortunately  this  record  (Fig.  1 1) 
was  sufficiently  clear  to  show  that  at  this  time  the  auricles  were  beating  at 
a  rate  different  to  that  of  the  ventricles  and  cpiite  independently  of  them. 
The  first  ventricidar  cycle  following  this  series  of  rapid  beats  lasted  3-6  sec, 
the  next  3-2  sec.  ;   here  the  record  ends. 

This  irregularity  was  not  again  seen  in  the  case  of  Dog  No.  12  although 
the  animal  was  under  observation  278  days  longer,  during  which  time 
hundreds  of  tracings  were  made. 

In  the  case  of  Dog  No.  8  ventricular  group  irregularities  of  the  kind 
under  consideration  were  encountered  from  the  second  to  the  fifth  daj's, 
inclusive.  They  were  not  present  on  the  first  day,  nor  were  tliej'  again  seen 
after  the  fifth  day.  Since  at  this  time  the  animal's  chest  was  encased  in 
dressings  we  are  dependent  entirely  upon  femoral  sphygmograms  for  our  data. 

On  the  first  day  (second  of  block)  the  irregularities  consisted  mainly  of 
comparatively  long  groups  of  rapid  and  rather  irregular  pulses  followed  by 
stoppage  and  the  development  of  a  slow  pulse  rate.  The  following  analysis 
of  one  group  (Fig.  12)  will  serve  to  illustrate  the  general  features  of  the 
irregularity  of  this  day.  Following  a  series  of  rapid  and  irregular  pulse  waves 
62  regular  waves  were  recorded  at  the  rate  of  54  per  minute.  There  was  then 
an  abrupt  increase  in  the  rate  of  the  pulse  to  153  per  minute.  With  the 
fifty-fifth  wave,  however,  the  pulse  stops,  for,  in  all  probabihty,  about 
6J  sec.  Of  this  figure  we  cannot  be  absolutely  certain,  since  the  record  is 
marred  by  the  restlessness  of  the  animal  that  appeared  toward  the  close  of 
the  period  of  stoppage.  This  period  is  succeeded  by  one  in  which  the  pulse 
rate  gradually  increases  through  about  seven  waves,  the  duration  of 
successive  cycles  being  in  seconds — 2,  1-8,  1.6,  1-5,  1-4,  1-4,  1-2,  when,  until 
the  end  of  the  record,  the  waves  recur  jjerfectly  regularly  and  at  the  slow- 
rate  of  52-8  per  minute. 

At  other  times  on  this  day,  however,  the  heart  beat  was  very  much 
more  irregular,  indeed,  it  was  so  irregular  as  not  to  lend  itself  well  to 
description.  A  reproduction  of  one  of  the  tracings  of  the  irregularities  must 
therefore  serve  to  illustrate  their  characteristics  (Fig.  13). 

Irregularities  similar  in  kind  to  those  just  referred  to  were  again  seen 
on  the  second  and  third  days,  but  thej'  were  relatively  infrequent,  and  in 
their  place  we  find  mainly  short  groups  of  rapid  beats  separated  by  pauses  of 
varying  lengths.  Sometimes  over  long  periods  of  time  there  are  regular 
groups  consisting  of  two  waves  in  close  proximity  to  each  otlier  (Fig.  14). 
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The  pauses  between  these  groups  may  be  longer  than,  or  regularly  shorter 
than,  twice  the  interval  subtended  by  two  of  the  rapid  waves.  Again,  the 
groups  may  consist  of  a  large  number  of  beats,  when  they  are  usually  less 
regular.  The  pauses  between  them  may  be  brief  or  they  may  be  as  long 
as  6  sec. 

On  the  fourth  day,  the  arrhythmia  was  infrequently  seen  and  consisted 
only  of  the  regular  form  seen  on  the  first  and  second  days. 

The  type  of  irregularity  illustrated  in  Figs.  13  and  14  simulates  very 
closely  pictures  frequently  seen  in  partial  heart-block  where  regularly 
recurring  ventricular  silences  are  met  with  or  where  there  recur  abrupt 
stopi^ages  and  recovery  of  the  ventricles  from  and  to  some  stage  of  partial 
block  respectively.  In  the  absence  of  a  record  of  auricular  beats  their 
identity  cannot  be  positively  denied.  Nevertheless  there  is  sufficient  cir- 
cumstantial evidence  to  practically  prove  that  the  block  at  these  times  was 
complete  and  that  the  cause  of  the  irregularity  is,  therefore,  to  be  sought  for 
in  the  independently  contracting  ventricles.  This  evidence  follows  : — (1) 
A  similar  irregularity  was  seen  in  the  case  of  Dog  No.  12  while  the  block 
was  obviously  comijlete  ;  (2)  When  each  group  consists  of  two  beats,  the 
long  interval  we  have  seen  may  be  somewhat  less  than,  or  somewhat  greater 
than,  twice  the  short  period.  It  is  well  known  that  were  this  irregularity 
caused  by  regularly  recurring  ventricular  silences,  the  longer  pause  would 
regularly  be  somewhat  less  than  twice  the  shorter  beats  ;  (3)  Furthermore, 
where  the  group  consists  of  three  pulses  followed  regularly  by  a  pause  the 
interval  between  the  second  and  third  ventricular  systoles  of  the  group  is 
usually  shorter  than  that  intervening  between  the  first  and  second.  In  an 
irregularity  of  the  type  cau.9ed  by  partial  heart-block  the  successive  ventricular 
cycles  would  lengthen  rather  than  sliorten. 

In  the  case  of  Dog  No.  11  this  type  of  group  beating  was  met  with 
under  the  same  circumstances  as  in  the  case  of  Dog  No.  8,  and  we,  therefore, 
again  have  only  sphygmograms  for  the  analysis  of  the  condition. 

The  irregularities  were  seen  on  but  two  days,  namely,  the  third  and 
fourth.  On  the  third  day  (first  of  the  irregularity)  it  consisted  almost 
exclusively  of  long  jseriods  of  rapid  pulse  waves  followed  by  pauses  often 
lasting  as  long  as  8  sec.  The  pause  was  succeeded  by  a  gradual  develop- 
ment of  a  slow^  rhythm  which  rarely  lasted  longer  than  a  few  beats,  when 
the  pulse  rate  again  became  rajjid.  The  rate  when  rapid  was  126  per 
minute.  It  was  not  slow  long  enough  on  this  day  to  permit  of  an  estimate 
of  the  rate  at  such  times. 

On  the  second  day,  the  irregularity  consisted  exclusively  of  a  few  rapid 
beats,  2,  3,  or  4,  separated  by  pauses.  At  times  the  pulse  was  typically  slow- 
over  long  periods  ;  then  the  pulse  rate  was  35-3  per  minute.  For  reasons 
given  above,  we  are  of  the  oiiinion  that  in  this  case,  too,  the  block  was  always 
complete,  although  at  places  the  irregularity  simulated  one  of  the  lower 
grades  of  partial  block. 
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Our  experiments  throw  no  light  upon  the  cause  of  this  interesting  type 
of  group  beating  of  the  ventricles.  It  would,  however,  appear,  from  some 
experiments  which  one  of  us  has  performed,  that  irregularities  resembling 
some  of  those  described  here  may  be  obtained  by  alternateh*  warming  and 
cooling  the  region  of  the  auriculo-ventricular  bundle  (no  other  parts  of  the 
heart  have  been  tested)  in  the  ventricles  of  the  excised  heart  while  they  are 
contracting  independently  of  the  auricles'.  Should  the  ventricles  happen  to 
be  quiescent,  warming  the  auriculo-ventricular  bundle  up  to  38^  or  40°  C. 
may  start  a  series  of  beats,  which  may  continue  until  the  warmth  is  with- 
drawn or  until  the  same  region  is  cooled.  The  result  can  be  obtained 
regularly  only  when  the  re-activity  of  the  heart  is  lowered  by  the  temporary 
cessation  of  perfusion.  It  would  appear  that  group  beating  may  also  be 
obtained  in  the  case  of  the  frog's  heart  bj'  asjihyxiation  of  the  spontaneously 
beating  ventricle''. 

As  to  the  cause  of  the  appearance  of  the  group  beating  in  our  cases  of 
experimental  heart-block,  a^c  have  not  the  slightest  clue.  The  fact  that  it 
api^eared  shortly  after  the  operation  upon  the  heart  in  the  case  of  Dogs 
Nos.  8  and  11  would  seem  to  indicate  that  it  had  been  brought  on  by  local 
irritation.  It  is,  however,  difficult  to  reconcile  with  this  view  the  fact  that 
in  the  case  of  Dog  Xo.  12  the  irregularity  appeared  suddenly  and  quite 
unexpectedly,  and  that  it  disappeared  quite  as  abruptly,  in  the  midst  of  the 
perfectly  even  course  of  the  disease.  The  fact  that  while  Dog  No.  12  was 
subject  to  this  irregularit}',  it  could  be  brought  on  by  exercise  (see  below) 
should  suggest  the  possibihty  of  a  participation  of  the  accelerator  in  its 
production.  It  is  conceivable  that  accelerator  impulses  might  under  certain 
circumstances  exert  the  same  influence  upon  the  independently  beating 
ventricles  as  does  warmth  applied  to  the  auriculo-ventricular  bundle. 

Symptoms  associated  icith  group  beating  of  the  ventricles. — Very  obvious 
symptoms  were  associated  with  this  type  of  ventricular  irregularity.  On 
the  very  first  day  of  the  irregularity,  after  some  tracings  had  been  made, 
Dog  No.  12  was  placed  upon  the  floor  and  closely  observed.  He  ran  about 
for  some  minutes  in  his  usual  lively  manner,  then  stood  still,  looked  about 
anxioush^  spread  his  legs,  evidently  in  order  to  maintain  his  equilibrium, 
swayed  from  side  to  side  in  a  conscious  effort  to  keep  his  feet,  but  within  a  few 
seconds  became  perfectly  normal  and  happy  again. 

On  the  following  day  (4th  May)  an  effort  was  made  to  discover  some 
method  of  inducing  the  attacks  of  irregularity.  While  the  animal  was  lying 
quietly  iipon  its  side,  and  while  the  heart  beat  was  being  recorded,  he  ^vas 
startled  by  loud  noises,  or  his  breathing  was  interfered  with  by  occluding  his 
nostrils  up  to  the  point  of  restlessness,  but  all  to  no  avail.  The  attacks  of 
irregularity  that  were  recorded  bore  absolutely  no  relation  to  the  procedures 
of  the  experiment.  Then  the  animal  was  placed  upon  the  floor  and  induced 
to  take  vigorous  exercise  (running).  The  pulse  was  felt  at  the  moment  he 
came  to  rest  and  was  usually  found  to  be  rapid  ;  after  some  moments 
ventricular  stoppage  occurred.     With  it  the  animal  looked  about  anxiously 
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but  did  not  fall.  On  the  third  day  the  irregularity  could  not  be  induced 
by  any  of  the  measures  tried. 

In  the  case  of  Dog  No.  8,  during  the  periods  of  stoppage,  the  animal, 
when  up  and  about,  became  unsteady  on  his  legs  but  never  lost  consciousness 
or  the  ability  to  support  itself  in  the  standing  posture.  When  stoppages 
lasting  as  long  as  7  sec.  supervened,  while  the  animal  was  lying  quietly  upon 
the  table,  a  certain  amount  of  restlessness  became  manifest. 

Dog  No.  11  had  striking  symptoms,  probably  because  the  ventricular 
stoppages  in  this  case  were  the  longest  observed,  and  because  of  his  weakened 
state,  the  result  of  purulent  pericarditis.  In  case  the  stoppages  lasted 
7  to  8  sec,  the  animal  usually  lost  consciousness,  and  was  seized  with 
epileptiform  convulsions.  The  behaviour  of  the  animal  during  such  attacks 
is  depicted  in  the  following  extract  from  our  protocols  : — 

"The  animal  had  a  perfectly  tj'pical  epileptiform  seizure  while  we  were 
counting  the  pulse  in  the  femoral  artery.  While  the  animal  was  sitting  quietly 
the  pulse  rate  was  about  120  per  minute,  and  slightly  irregular.  Suddenly 
the  pulse  stopjDed,  the  respiratory  rate  increased,  the  animal  gazed  about 
anxiously,  and,  after  there  had  been  no  pulse  for  about  7  to  8  sec,  fell  on  to 
its  side.  A  moment  later  the  legs  became  rigid  in  the  position  of  extension. 
This  was  soon  followed  by  clonic  convulsions  affecting  all  of  the  extremities, 
succeeded  again  by  tonic  convulsions  with  typical  opisthotonus  and 
rapid  stertorous  breathing.  Then  the  pulse  began  to  beat  rapidly, 
whereupon  the  animal  recovered,  first  gazing  about  as  though  dazed  and 
then  resting  comfortably."  In  other  attacks  it  was  noted  that  when  the 
femoral  pulse  fails,  perfectly  regular  and  rapid  pulsations  may  be  seen  in  the 
neck.  Undoubtedly  these  were  produced  by  the  auricles  which  probably 
continued  to  beat  regularly  throughout. 

It  should  be  added  here  that  the  syncopal  attacks  and  epileptiform 
seizures  of  our  dogs  are  symptomatically  identical  with  those  which  have  been 
seen  in  cases  of  Stokes- Adams  disease  in  man,  and  we  believe  that  examination 
of  the  literature  of  the  subject  will  show  the  cardiac  signs  of  the  attacks,  in 
certain  of  the  cases,  at  least,  to  be  the  same  in  man  as  in  the  dog.  In  the 
dog  the  faintness  and  the  convulsions  are  both  the  result  of  the  cessation  of 
the  circulation  from  causes  resident  in  the  heart  itself,  although  it  is  possible 
that  slowing  of  the  ventricles  may  in  part  be  determined  by  impulses  arising 
in  the  cardiac  centres.  There  is  no  reason  for  adhering  any  longer  to  the 
view  that  the  epileptiform  seizures,  at  least  those  associated  with  the  rhythmic 
type  of  ventricular  irregularity,  point  to  the  brain  as  the  primary  seat  of  the 
lesion  that  causes  Stokes-Adams  disease. 

It  is,  however,  conceivable  that  in  cases  of  heart-block  an  exaggeration 
of  the  type  of  rhythmic  irregularity  which  we  have  described  on  p.  191, 
and  which  in  all  probabihty  is  determined  by  rhythmic  variations  in  the 
irritability  of  the  medullary  centres  might,  in  animals,  as  well  as  in  man, 
cause  faintness  or  even  convulsions.  In  such  a  case,  however,  the  slowing  of 
the  ventricles  and  the  convulsions   would  not   be  directly  determined  by 
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one  and  the  same  excitant ;  rather  the  temporary  inefficiency  of  the  medullary 
centres,  by  slowing  the  ventricles,  would  be  the  cause  of  ansemia  of  all  parta 
of  the  brain  whence  the  faintness  and  convulsions.  Whether  or  not  a  single 
lesion  within  the  central  nervous  system  can  directly,  and  at  one  and  the 
same  time,  cause  auriculo-ventricular  dissociation  with  the  irregularities 
we  have  described,  and  epileptiform  convulsions,  is  a  c^uestion  with  which 
we  are  not  at  present  concerned*. 


General  symptoms  of  the  cases  of  complete  heart-block. 

The  remarkable  feature  of  uncomphcated  heart-block  in  the  dog  is  the 
usual  total  absence  of  recognisable  symptoms.  Excejiting,  j^erhaps,  a  slightly 
increased  suscej^tibility  to  fatigue,  which  may  in  large  part  have  been  the 
result  of  prolonged  confinement,  the  animals  apj^eared  to  be  perfectly  normal 
and  hapi^y.  The  young  animals  grew  and  increased  in  weight  ;  indeed,  one 
of  them.  No.  12,  became  abnormally  fat. 

Syncopal  attacks  were  of  exceedingly  rare  occurrence.  The  Cheyne- 
Stokes  type  of  ventricular  slowing  of  a  severe  grade  was  seen  for  only  a  few 
days  in  the  case  of  Dog  No.  7  ;  the  ventricular  type  for  from  two  to  four  days 
in  the  case  of  Dogs  Nos.  8,  11,  and  12  ;  while  Dog  No.  13,  during  his  life  of 
343  da3^s,  could  at  all  times  have  passed  for  a  perfectly  normal  animal  had 
there  not  been  present  the  cardiac  signs  of  heart-block. 


Mode  of  death  and  autopsy  findings  in  general. 

Dog  No.  1 1  died  of  purulent  pericarditis  on  the  sixth  day  ;  death  in  this 
instance  was  not  unexpected.  Dog  No.  13  was  killed  on  its  343rd  day,  after 
having  been  the  subject  of  certain  tests,  to  which  reference  will  be  made 
below.  Dogs  Nos.  7,  8,  and  12  died  quite  unexpectedly  on  their  28th, 
92nd,  and  320th  daj's  respectively.  The  deaths  occurred  at  night  and 
without  any  premonitory  symptoms  whatever.  Daily  cardiograms  up  to  the 
very  day  of  death  in  the  case  of  Dogs  Nos.  7  and  8  gave  no  indication  of 
approaching  dissolution.  At  autopsy  (for  details  see  j^rotocols)  marked 
pulmonary  oedema  was  found  in  Dogs  Nos.  7  and  8 ;  it  was  present,  though 
slight,  in  the  case  of  Dog  No.  12.  Dogs  Nos.  8,  12,  and  13  had  extensive  ad- 
hesive pericarditis,  while  in  Dog  No.  7  the  layers  of  the  pericardium  were 
adherent  only  over  the  uj^per  parts  of  the  heart. 

A  comparison  of  the  heart  weight  with  the  body  weight  (see  Table  IV) 
shows  that  hypertrophy  of  the  heart  is  of  regular  occurrence  and  may 
amount  to  as  much  as  100  per  cent,  of  the  estimated  normal  weight  of  the 
heart. 


*  The  effect  upon  the  heart  of  direct  stimulation  of  the  vagus  was  tried  on  tlie  SOtli  and 
75th  days  of  Dogs  Nos.  8  and  13  respectively.  The  results  have  been  reported  in  full  in  another 
connection,  and  therefore  need  not  be  mentioned  here". 
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Table   IV.     Showing  the  relation  of  heart  weight  to  body  weiglit. 


NO.  OF  DOG. 

DURATION 

OF 

LIFE. 

BODY  WEIGHT                                           '  NORMAL  HEART 

AT  END                HEART  WEIGHT               WEIGHT                   PERCENT. 
IN  K.                        LN    GRM.              (ESTIMATED).*     HYPERTROPHY. 

7 
8 
12 
13 

28 

92 

320 

343 

7-7 

9-2 

239 

17-5 

72             '            58-6                       23-8 
140                         08-4                     1050 
300                         1770            '             1590 
200                        130-0                        540 

*  For  this  calculation  the  factors  of  Joseph  (Journ.  of  Exper.  Jled.,  1908,  x,  527)  have  been 
employed,  namely,  7-43  grm.  of  heart  per  K.  of  male,  and  7-(Jl  grm.  per  K.  of  female. 

In  each  heart  there  was  found  at  autopsy  a  scar,  often  calcified,  involving 
a  small  part  of  the  auriculo- ventricular  junction  just  posterior  to  the  pars 
membranacea  septi.  It  was  evident  to  the  unaided  eye  that  these  scars  lay 
in  the  path  of  the  auriculo-ventricular  bundle.  Nevertheless,  since  the  most 
important  conclusions  of  this  investigation  are  based  upon  the  premise 
that  the  operation  has  affected  the  auriculo-ventricular  bundle,  we  have  not 
rested  with  this  macroscopic  evidence,  but  have  in  addition  submitted  the 
tissues  in  question  to  a  rigid  histological  examination.  These  examinations 
were  made  by  E.  K.  Cullen  and  by  Wm.  S.  Miller,  whose  reports  are  given 
below. 


Histological  findings. 

It  is  to  be  regretted  that  some  of  the  material  was  spoilt.  Owing,  in  some 
instances,  to  calcification  of  the  scars,  the  most  important  sections  of  the 
specimens  were  lost.  The  perfect  series  of  sections  obtained  from  the  hearts 
of  Dogs  Nos.  12  and  13  show  clearly  that  in  these  cases  none  of  the  auriculo- 
ventricular  bundle  had  escaped  destruction.  An  imperfect  but  adecpiate 
series  from  the  heart  of  Dog  Xo.  8  shows  that  possibly  in  this  ca.se  a  few  fibres 
of  the  auriculo-ventricular  bundle  still  persisted. 

MetJwds. — "  The  blocks  received  from  the  hearts  of  Dogs  Nos.  12  and  13 
were  fixed  in  Tellyesniczky's  fluid,  embedded  in  celloidin,  cut  serially  in 
sections  /^20  thick,  and  stained  with  liEematoxylin  and  eosin." 

Results. — "In  the  case  of  Dog  No.  12  the  destruction  of  His'  bundle  is 
complete,  the  absence  of  muscle  bundles  is  first  noticed  at  a  point  just  below 
the  posterior  leaflet  of  the  aortic  semilunar  valve,  and  just  above  the  com- 
plete fusion  of  the  median  leaflet  of  the  tricuspid  valve  with  the  septum 
memhranaceum.  The  destroyed  area  is  about  ]  mm.  in  width.  The  same 
results  are  found  in  the  case  of  Dog  No.  13,  but  in  the  case  of  Dog  No.  8 
(sections  cut  by  E.  K.  Cullen)  the  bundle  is  not  completely  destroyed,  since 
a  few  bundles  of  lieart  muscle  containing  8  to  12  muscle  cells  can  be  readily 
followed  through  the  line  of  crush.  These  bundles  do  not  present  the 
characteristics  of  regenerated  muscle,  but  appear  to  be  in  all  respects  like  the 
surrounding  lieart  muscle.    In  the  case  of  Dogs  Nos.  12  and  13  blood  vessels 
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could  be  traced  through  the  line  of  crush,  but  I  failed  to  find  any  nerves." 
(W.  S.  M.) 

The  important  parts  of  the  blocks  from  Dogs  Nos.  7  and  11  were  valueless 
on  account  of  tearing  and  breaking  on  cutting. 


Relation  of  respiratory  to  ventricidur  rhythm. 

Every  one  of  the  cases  of  complete  block  presented  at  times  a  remarkable 
cadence,  visually  1  :  1,  of  the  respiratory  and  ventricular  rhythms.  At  such 
times  the  beginning  of  ventricular  contraction  precedes  by  a  very  short 
interval  the  beginning  of  inspiration.  This  is  the  case  in  the  vast  majority 
of  instances  in  which  the  cadence  has  been  observed  (see  Fig.  16).  Much  less 
frequently  it  happens  that  ventricular  relaxation  shortly  precedes  expiration 
(Fig.  17).  Still  more  rarely  there  occurs  a  periodic  shifting  from  one  to  the 
other  of  the  two  above-mentioned  types,  so  that  for  a  while  ventricular 
contraction  just  precedes  inspiration,  the  relation  then  shifting  through  one 
or  several  respirations  until  ventricular  relaxation  just  precedes  expiration 
(Fig.  18).  With  about  the  same  degree  of  rarity  the  ventricular  activity  shifts 
irregularly  in  the  ^Deriod  of  inspiration.  The  accompanying  diagrams  (Fig.  19) 
will  serve  to  illustrate  these  facts.  They  show  the  position  of  ventricular 
contraction  (c)  or  of  ventricular  relaxation  (r)  with  respect  to  the  two  phases 
of  respiration,  each  letter  representing  the  relation  as  it  occurred  more  or 
less  regularly  throughout  the  record  of  one  day  each  in  three  cases. 

This  ventriculo-respiratory  rhythm  probably  obtains  only  when  the 
uninfluenced  rates  of  the  ventricles  and  respirations  are  api^roximately  alike. 
Furthermore,  the  relation  is  not  absolutely  constant,  but  is  readily  altered 
by  such  conditions  as  normally  affect  the  rate  of  the  ventricles  and,  especially, 
of  the  respirations.  But  whenever,  for  example,  the  respiratory  rate  for  some 
reason  or  other  changes  while  the  1  :  1  cadence  is  manifesting  itself,  it  usually 
happens  that  within  a  very  few  beats  the  cadence  is  re-estabhshed.  The  same 
re-establishment  may  also  occur  when  the  rate  of  the  ventricles  is  abruptly 
altered.  A  beautiful  instance  of  such  a  readjustment  occurred  during  one  of 
the  syncopal  attacks  of  Dog  No.  8  (see  Fig.  12).  The  tracing  shows  that  while 
the  block  was  typically  complete,  and  while  the  ventricles  were  beating  slowly, 
the  1  :  1  cadence  was  exact,  ventricular  systole  just  preceding  inspiration. 
With  the  onset  of  the  rapid  ventricular  rate  the  resjjiratory  rate  decreases. 
Now,  and  as  long  as  the  rapid  ventricular  rate  continues,  no  regular  relation 
can  be  made  out  between  the  respirations  and  the  ventricular  beats.  When  the 
ventricles  begin  to  beat  subsequently  to  their  stopjiage  there  seem  to  be  two 
respirations  in  each  of  the  first  four  cycles,  although  of  this  we  cannot  bo 
certain.  But  as  the  ventricular  rate  increases  this  relation  disappears  to 
be  replaced  after  a  laj^se  of  only  four  cycles  by  a  permanent  1  :  1  ventriculo- 
respiratory  rhythm  simulating  in  every  respect  the  rhythm  that  obtained 
before  the  heart  became  irregular. 
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The  factors  upon  which  this  ventriculo-respirator}'  rhythm  depends  are 
not  clear  and  will  remain  so  until  it  can  be  made  the  subject  of  direct 
investigation.  It  would  require  too  much  space  to  discuss  all  of  the  possibili- 
ties in  the  case.  We  maj^  however,  say  that,  of  the  many  possible  factors 
which  may  plaj'  a  role  in  determining  this  synchronism,  we  are  of  the  opinion 
that  the  all-important  one  is  the  effect  of  some  movement  of  the  heart  upon 


D.bN»  13. 


Fig.  I'J.  X  J  linear.  Diagrams  showing  the  relation  of  ventricular  contraction  (C)  or  relaxa- 
tion (R)  to  the  piloses  of  respiration  in  most  of  the  instances  of  1  :  1  ventriculo-respiratory 
cadence  in  the  case  of  Dogs  8.  12,  and  13.  The  vertical  lines  are  time  abscissae  and  are 
drawn  to  indicate  the  moment  of  change  from  the  phase  of  expiration  to  that  of  inspira- 
tion and  from  inspiration  to  expiration.  The  numbers  show  the  dates  when  the  relation 
opposite  wliich  they  stand  were  observed;  thus  6/12,  e.g.,  means  June  (sixth  month) 
twelfth  day. 


the  Hering-Breuer  fibres  in  the  lungs.  That  this  is  the  important  factor  is 
indicated  by  the  observation  that  contraction  late  in  expiration  seems  to 
determine  inspiration,  whereas  the  opposite  motion  of  relaxation  occurring 
late  in  inspiration  seems  to  determine  expiration. 
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A  study  of  tracings  of  cardiopneumatic  movements  published  by 
Haycraft  and  Edie'^  seems  to  throw  some  Hght  upon  the  former  relation,  in 
that  there  occurs  in  association  with  ventricular  systole  a  slight  expiratory 
movement  of  air  and  therefore  a  slight  diminution  in  the  size  of  the  lungs. 
It  seems  possible  that  it  is  this  expiratory  movement  occurring  late  in  ex- 
piration that,  in  our  experiments,  cuts  short  expiration  and  inaugurates  an 
inspiratory  movement.  This  first  expiratory  movement  on  the  cardiopneu- 
mogram  is  followed  by  an  insi)iratory  movement  which  continues  until 
ventricular  relaxation  begins.  We  are  not  at  all  convinced  that  this  phase  of 
the  cardiopneumatic  movements  explains  the  instances  in  which  we  found 
ventricular  relaxation  to  just  precede  expiration. 

It  should  be  added  that  the  relation  between  ventricular  and  respiratory 
activities  here  noted  has  been  seen  in  one  of  our  cases  of  heart-block  in  man.* 

Final  experiment  on  Dog   No.   13. 

It  was  hoped  when  this  research  was  planned  that  we  would  have  the  oppor- 
tunity of  confirming,  and  of  adding  to,  the  results  obtained  from  the  indirect 
study  of  the  circulation  which  has  occupied  the  preceding  images  of  this 
paper  by  a  study  by  more  direct  methods  of  observation  of  at  least  two  of  our 
cases  of  chronic  heart-block.  But  all  of  the  animals,  with  the  exception  of 
No.  13,  died  suddenly  before  we  thought  the  proper  time  had  arrived  for  the 
final  experiment.  Nevertheless,  the  results  obtained  from  the  study  of  this 
one  animal  are  of  sufficient  interest  to  warrant  their  presentation  in  full. 

On  his  343rd  day.  Dog  No.  13  (the  animal  had  not  had  a  bad  symptom 
during  all  of  this  time,  nor  any  marked  ventricular  irregularities)  was 
prepared  for  operation.  In  the  first  place  several  preliminary  tracings  were 
made  for  the  purpose  of  determining  the  rate  of  auricles  and  ventricles  before 
the  operation.  The  auricular  rate  was  slow  and  rather  difficult  to  estimate 
correctly.  We,  however,  believe  it  was  about  67-5  per  minute  ;  the  ventri- 
cular rate  at  the  same  time  was  37-5.  Morphine,  li  gr.,  was  then  given  sub- 
cutaneously.  Tracings  made  one  hour  later  showed  the  auricular  rate  to  be 
even  slower  than  before  and  still  difficult  to  estimate  ;  only  four  waves  could 
be  made  out  in  8  sec.  of  record.  At  the  same  time  the  ventricular  rate  had 
decreased  to  33  per  minute.  The  animal  was  placed  upon  the  operating  table 
and  etherised.  The  ether  was  taken  without  a  struggle.  When  the  animal 
was  fully  anaesthetised  the  ventricular  rate  was  found  to  be  -19-5,  whereas  the 
auricular  rate  apjjarently  was  about  the  same  as  before.  After  having  inserted 
the  tracheal  cannula  it  was  found  that  the  ventricular  rate  had  increased  still 
further — it  was  54  per  minute.  The  auricular  rate  had  increased  to  127-5  per 
minute. 

These  few  figures  we  regard  as  extremely  instructive,  since  they  show, 
more  clearly  than  any  other  consecutive  records  Me  have  made,  the  indepen- 
dent reactions  of  the  two  regions  of  the  heart  to  the  same  set  of  conditions. 


*  Dr.  Thomas  Lewis  informs  us  that  it  occurs  as  a  rule  in  clxronic  heart-block  and  that  it 
has  been  frequently  noted. 


EXPERIMENTAL    HEART-BLOCK.  20^ 

Table  V.     Showing  an  instanoe  of  the  indeiiendent  reactions  of  the  auricles  and  ventricles. 
PBOCEDITRE 


Normal  immediateh"  before  opera- 
tion 
One  hour  after   1 J  gr.  morpliin . . 
Under  ether 
After  insertion  of  tracheal  cannula 


RATE 

PER 

JIIXUTE  OF 

BEilAKKS 

A. 

V. 

67-5 

37-5 

A  rate  approx. 

onlv. 

slower 

33-0 

OnK 

4  A  waves  in  8  sec. 

same 

49-5 

127-5 

54-0 

Morphine  (Table  V)  slows  both  the  auricles  and  the  ventricles,  the  subsequent 
administration  of  ether  accelerates  the  ventricles  onh',  while  now  injurj-  to 
tissues  causes  a  further  acceleration  of  the  ventricles  and  accelerates  the 
auricles  too. 

It  is  useless  to  speculate  as  to  the  cause  of  this  indejiendence  of  the 
reactions  of  the  two  parts  of  the  heart,  since  the  conditions  we  are  dealing 
with  are  far  too  complex  to  allow  of  ready  analysis.  We  maj',  however, 
assume  that  they  are  in  part  due  to  the  relative  immunity  of  the  ventricles 
to  vagus  effects  and  in  part  to  differences  in  the  parts  affected,  both  central 
and  perijDheral.  by  the  factors  determining  the  changes  in  rate. 

After  inserting  the  tracheal  cannula,  and  while  continuing  the  ether 
anjesthesia  through  it,  the  right  jugular  vein  was  freely  exposed,  both  vagi 
were  laid  bare,  the  left  cut  and  both  ends  prepared  for  stimulation,  and  the 
femoral  artery  was  connected  with  a  caUbrated  Hiirthle  spring  manometer. 
During  the  following  procedures,  records  were  made  on  the  Hiirthle  kymo- 
graph of  the  arterial  pressure  together  with  base  line,  heart  beat  (cardio- 
graph), respiration,  time  in  fifths  of  seconds  and  signal.  Later  the  heart  was 
freely  exposed  by  the  usual  method  and  most  of  the  procedures  were 
repeated  while  recording  the  contractions  of  the  right  auricle  and  right 
ventricle  directly  by  means  of  tambours.  The  left  accelerator  was  also 
prepared  for  stimulation.  The  results  obtained  in  the  two  stages  of  the 
experiment  will  be  presented  in  logical  order  rather  than  in  the  order  of  the 
experiment. 

(1)  Normal  record. — (o)  This  record  is  of  significance  mainh*  in  showing 
the  exact  arterial  pressure  in  a  case  of  heart -block  in  the  dog.  The  systolic 
was  190,  the  diastolic  50  mm.  Hg..  These  values  should  be  compared  with  the 
normal  femoral  jjressures  (aortic  end  pressures)  of  the  dog,  188  and  95',  and 
with  the  brachial  pressures  (lateral  aortic)  of  man,  both  normal,  111  and  7-1, 
and  with  complete  heart-block,  118  and  61-.  It  is  interesting  to  note  the 
relatively  slight  differences  in  the  values  of  the  s3stolic  pressures  in  comi>lete 
block  and  during  normal  heart  action,  both  in  the  dog  and  in  man,  as 
compared  with  the  relatively  large  differences  in  the  diastolic  pressures 
in  both.  These  data  illustrate  the  necessity  of  estimating  both  the  sj-stolic 
and  diastohc  pressures  in  clinical  studies  in  blood  pressure.  At  the  same 
time  the  observation  serves  to  indicate  the  substantial  accuracy  of  the 
methods  of  making  these  estimations  in  man. 
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(b)  The  jiicture  presented  by  the  exposed  heart  was  similar  in  every  way 
to  that  seen  when  heart-block  is  acutely  produced. 

(c)  The  tracings  obtained  directly  from  the  heart  justify  in  every  par- 
ticular the  method  of  studying  the  movements  of  the  heart  which  was  used 
throughout  the  whole  of  this  research. 

(2)  Stimiilafion  of  the  peripheral  end  of  the  I'agiis. — The  results  of  this 
experiment  have  been  considered  in  detail  in  another  place-.  Here  we  may 
merely  call  attention  to  the  fact  that  a  weak  stimulus,  but  one  that  suffices 
to  practically  stop  the  auricles,  is  without  decided  effect  upon  the  ventricles, 
although  the  strongest  stimulation  reduces  slightly  the  rate  of  the  ventri- 
cles. And  whereas  the  effect  upon  the  auricles  is  immediate,  the  ventricular 
beats  do  not  lengthen  until  from  3  to  5  have  been  inscribed,  the  maximum 
slowing  being  reached  comparativelj-  late  and  at  a  time  when  the  auricular 
rate  is  increasing. 

Strongest  vagus  stimulation  has  but  a  slight  effect  upon  the  blood 
pressure.  With  closed  thorax  both  pressures  are  lowered  only  5  mm..  With 
the  thorax  open  they  are  lowered  20  to  30  mm.  Hg.. 

(3)  Stimulation  of  the  accelerator  nerve  (shielded  electrodes)  late  in  a 
prolonged  experiment  caused  a  greater  jDroportional  acceleration  of  the 
ventricles — from  44-  3  to  53-9  per  minute,  or  22  per  cent. — than  of  the  auricles — 
95-6  to  111-1  per  minute,  or  15-5  per  cent.  The  blood  pressure  increased 
with  the  acceleration. 

(4)  Stimulation  of  the  central  end  of  the  left  vagus,  the  right  vagus  and 
both  accelerators  being  intact,  caused,  with  feeble  currents,  marked  slowing 
of  the  auricles,  whereas  the  rate  of  the  ventricles  was  not  affected.  The 
respirations  ceased.  The  effect  upon  the  ventricles  of  stronger  stimulation 
is  shown  by  the  following  figures  which  are,  in  fifths  of  seconds,  the  durations 
of  successive  groups  of  five  ventricular  cycles  each  :  28-2  (immediately  before 
stimulation),  28-5,  29  (slowing  becomes  distinct  in  the  ninth  ventricular 
cycle),  29-5,  30-5,  32,  31-5  (respirations  are  resumed  here),  31-5.  The 
ventricular  slowing  is  slight  and  begins  later  than  the  auricular  slowing. 
The  blood  jsressures  are  at  first  increased  slightly,  but  soon  there  succeeds 
a  decided  and  lasting  fall.  During  or  shortly  after  stimulation  the  one  to 
one  relation  of  auricles  and  ventricles  described  on  p.  193  was  occasionally 
seen.  The  auricular  wave  in  these  places  (see  Fig.  20)  appears  quite  regularly 
in  the  latter  half  of  the  ventricular  cycles,  never  immediately  after  a 
ventricular  contraction.  This  observation  serves  to  sujoiJort  the  explanation 
of  this  phenomenon  as  seen  in  the  intact  ammal,  which  was  suggested  upon 
another  page  (194),  namely,  that  it  is  due  to  a  high  vagal  tone  which 
diminishes  temporarily  in  each  ventricular  cycle. 

(5)  Stimulation  of  the  central  end  of  the  saphenous  nerve  never  resulted 
in  anything  but  slight  and  insignificant  acceleration  of  auricles  and  ventricles 
as  well  as  of  the  respirations. 
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(6)  Stimulation  of  the  central  end  of  one  vagus  after  section  of  both 
caused  an  insignificant  slo\^'ing  of  the  auricles  141-6  to  138-6  and  a  decided 
but  irregular  acceleration  of  the  ventricles,  the  successive  ventricular  cycles 
lasting,  in  fifths  of  seconds,  9,  10-6,  9-4,  9-6,  9-5  (stimulation  begun),  10-2, 
10,  9-7,  9-2,  7-4,  7-4,  8  (stimulation  ended),  6,  8-4,  9,  7-2,  10-1,  7-3,  5-2, 
8-2,  7.  9-7.  With  the  eighth  ventricular  cycle  the  blood  jaressures  began  to 
rise. 

(7)  The  effect  of  digitalis  has  been  recorded  in  another  place. 


Relatively  complete  heart-block  icith  recovery. 

In  the  case  of  DogXo.  3  we  produced  at  the  operation  what  appeared  to  be 
complete  heart-block,  but  in  the  course  of  twenty-sis  days  the  conductivity,  to 
all  appearances,  became  normal  again.  This  case  is  an  interesting  one,  and 
since,  in  addition,  it  will  be  essential  for  the  reader  to  know  the  progress  of 
the  animal  from  day  to  day  before  the  results  can  be  intelligibly  discussed, 
we  shall  first  record  in  full  the  protocols  of  the  experiment. 


Dog  Xo.  3. — Voung,  but  large,  setter.  Operation  21st  February,  1906.  The  third  time 
the  hypodermic  needle  was  inserted  into  the  ventricle  complete  block  resulted  and  lasted  as 
long  as  the  heart  was  exposed  to  view.  Another  operation,  which  does  not  concern  us  here,  was 
performed  upon  the  heart  at  the  same  time.  Before  the  wounds  were  bandaged  the  pulsations, 
which  could  be  seen  in  the  veins  of  the  neck,  led  us  to  suspect  that  the  auriculo-ventricular 
rhythm  was  3:1,  and  later  3  :  1  «ith  occasional  2  :  1  cycles.  The  operation  was  concluded  at 
1.6  p.m. 

5.0  p.m.    Pulse  72  per  minut«  ;   beats  occasionally  dropped. 

11.0  p.m.  Pulse  at  first  56,  but  rate  is  occasionally  doubled  for  a  few  beats.  Finallj-  the 
rate  becomes  88. 


February  22. 


February-  23. 


Februarv  24. 


February  25. 


February  26. 
Februarv  27. 


9.0  a.m. 
2.0  p.m. 
9.0  p.m. 

9.0  a.m. 
12.0  noon 

5.0  p.m. 

8.0  p.m. 
11.0  p.m. 

9.0  a.m. 
11.0  a.m. 
12.0  noon 

2.0  p.m. 

4.0  p.m. 

7.0  p.m. 

9.0  a.m. 
12.30  p.m. 
6.0  p.m. 


10.0  a.m. 
1.0  p.m. 


Pulse  regular  and  strong,  50. 
52. 
58- 

„       56. 

strong,  44. 

45. 

45. 

53. 


regular  and  strong,  72, 
68. 
,,  76.     Dog  bright  and  comfortable. 

73.     Severe  bloody  diarrhoea. 
80,  occasional  dropped  beats. 


quite  irregular,  there  being  occasional  long  pauses, 
regiilar  73.    Slight  inflammation  of  right  eye. 


regular,  66. 
slightly  irregular,  68. 


February  28.     Pulse  sUghtly  irregular,  67. 
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March     1.  9.0  a.m.    Pulse  regular,  76. 

—    p.m.   First  dressing.      Excepting    one    stitch    abscess,  wounds    have 
healed  per  primum. 

March     2.     First  tracings  of  apex  beat.     Rhytlim  exactly  2:1,  ventricular  rate  being  65'2. 

March  4.  The  dog  had  not  had  food  for  24  hours.  ^Vllen  given  meat  she  attacked  it 
voraciously.  Soon  she  began  to  stagger,  stopped  eating,  squatted  on  the 
floor  and  began  to  howl.  The  pulse  was  felt  as  quickly  as  possible  ;  it  was 
slow,  but  could  not  be  coimted  because  of  the  animal's  restlessness. 

Marcli  5.  Tracings  without  time  record  show  the  rhythm  to  be  2  :  1  and  3:1.  The 
As-Vs  intervals  of  the  2  :  1  cycles  gradually  lengthen  until  the  rhythm 
becomes  3:1,  when  the  As-Vs  intervals  are  short  and  tlie  rhythm  soon 
again  becomes  2  :  1.  These  events  are  repeated  over  and  over  again. 
Muscular  exercise  causes  distinct  acceleration  cf  the  heart  beat,  the  rhythm 
remains  2  :  1  for  a  time,  but  eventually  gives  way  to  the  condition  first  seen 
to-day. 

March  G.  Before  exercise  the  rliythm  is  2  :  1  with  an  occasional  3  :  1  cycle  :  while  2  :  1 
the  ventricular  rate  is  60.  Immediately  after  exercise  the  rhj-thm  is  2  :  1, 
the  ventricular  rate  now  being  71-4.  Later,  occasional  3  :  1  cycles  occur. 
At  another  time  there  were  for  a  while  alternating  2  :  1  and  3  :  1  cycles. 
At  tliis  time  the  auricular  rate  was  142.  Later  in  the  same  record  the 
rhj-tlim  became  2:1;  here  the  aiu-icular  rate  is  121.  Still  later,  with  an 
auricular  rate  of  137,  alternating  2  :  1  and  3  :  1  cycles  were  again  registered. 

On  another  record  the  rhythm  at  first  was  3:1,  then  occasionally  the 
ventricles  contract  between  the  second  and  third  auricular  contractions 
before  their  normal  time,  so  that  there  are,  for  example,  eight  aiu-icular 
waves  per  three  ventricular  waves.  Later  in  the  same  record  the  auricles 
slow  decidedly,  and  the  rhythm  becomes  2  :  1.  And  still  later  the  auricular 
rate  again  increases  and  again  ventricular  systoles  appear  between  the 
second  and  third  auricular  systoles.  Similar  results  were  repeatedly 
obtained. 

March  7.  Tracings  show  alternating  periods  of  2  :  1  and  3  :  1  rhj^;hms.  Measurements 
show  that  toward  the  end  of  the  2  :  1  periods  the  auricular  rate  increases 
and  the  increase  continues  for  some  distance  into  the  3  :  1  period.  The 
auricular  rate  slows  again  shortly  before  the  2  :  1  rhj'thm  returns. 

In  another  tracing  the  block  is  for  the  most  part  complete.  An 
auricular  systole  may  occasionally  determine  a  ventricular  contraction. 
^^'he^e  the  block  is  certainly  complete  the  \entricular  rate  is  .")8,  the 
auricular  rate,  165.  Xo  cause  could  be  discovered  of  this  unusually  rapid 
auricular  rate. 

March     S.    Rhi,-thm  for  the  most  part  is  3  :  1. 

March  9.  (1)  Effect  of  exercise,  (a)  While  the  animal  is  resting  the  rhythm  is  2:1. 
The  auricular  rate  gradually  increases  and  soon  the  As-Vs  intervals  lengthen, 
imtil  there  results  one  3  :  1  cycle.  Then,  for  approximately  6  cycles,  the  ven- 
tricles contract  before  the  third  auricular  wave  ;  the  block  is,  therefore, 
relatively  complete.  The  ventricular  cycles  are  here  relati\ely  long  at 
first,  but  later  shorten  gradually  mitil  the  rhythm  becomes  2  :  1.  Tliis 
cycle  of  events  is  rejieated  o\er  and  over  again. 

(6)  Immediately  after  exercise,  the  aiu-icular  rate  is  markedly  increased. 
Every  ventricular  contraction  is  determined  by  an  am-icular  contraction, 
the  rhythm  at  first  being  mainly  3:1,  later  mainly  2:1.  The  ventricular  rate 
is  much  faster  tlian  during  rest.  Later,  as  the  auricles  slow,  the  ventricles 
occasionally  beat  before  the  auricles  as  in  earlier  tracings. 

(2)  Effect  tested  of  subcutaneous  administration  of  atropin.  Records  were 
made  at  least  every  five  minutes  until  1.10  p.m.  ;  here  only  the  significant 
results  are  given. 
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TIME    OR 

NUMBER    OF 

R.\TE 

PER 

MIN 

:.    OF 

TR  \CIXO. 

.4 

V 

1st. 

l(i!1-4 

41-3 

2nd. 

I2S-2 

Ii4-1 

:?rd. 

— 

— 

12.  IS 

— 

— 

12.21 

lo2-3 

o9G 

12.2o 
12.;iO 

1770 

oitO 

12.47 

1770 

5'JO 

1.0 

17ill 

59-7 

2.0 

170-4 

5I)-S 

3.30 

159-9 

5li-4 

irch    12. 

Effect  of  atropin  again  tested. 

10.38 

1250 

(>2-5 

10.39 

— 

— 

10.41 

130-4 

r.5-2 

10.44 

157-0 

49-7 

10.53 

184-S 

Gl-C 

10.59 

189-9 

59-9 

11.05 

180-C> 

GO-2 

11.25 

176-4 

58-8 

11.45 

lOS-0 

5G-0 

2.0 

1.59-5 

(!0-2 

REM.\RKS. 

The  block  is  complete. 

Rhythm  is  2:1. 

Qualitati\ely  the  same  as  second. 

Atropin,   1  mg. 

Apparentlj-  block  usually  com- 
plete. 

Ditto. 

.',  :  1. 

.Vll  3  :  1  excepting  two  near 
mi<idle  of  tracing  ;  here  the 
third  A  fails  to  stimulate  X, 
and  V  beats  spontaneously 
before  the  fourth  A.  These  Vs 
are  longer  than  usual. 

Still  3  :  1. 

Ditto. 

For  the  most  part  3:1,  becom- 
ing 2  :  1  at  end. 


Rhythm  is  2  :  1. 
Atropin  2  mg. 

2  :  1  for  the  most  part. 
Block  apparently  complete. 

3  :  1  with  long  .-Vs-Vs  interval. 
Block  complete. 

3:  1. 

3  :  1  changing  to  complete  block. 
3:  1. 

For  the  most  part   alternating 
2  :  1  and  3  :  1. 


March   15.  Mostly  2  :  1  cycles  with  occasional  complete  dissociation.    Wliere  the  auriru- 

lar  rate  increases  the  rhj-thm  sometimes  becomes  3:1. 

March   IG.     Rliytlim  2  :  1  only,  excepting  immediately  after  exercise,  when  it  is  3  :  1. 

March  19.  Heart  beat  is  irregular.  Usually  there  are  groups  consisting  of  two  or  three 
l>eats  separated  bj"  long  pauses.  In  each  group  the  duration  of  the  successive 
ventricular  cycles  decreases.  Each  ventricular  beat  is  preceded  by  an 
aiirirular  wa\e,  but  no  aiu-icular  waves  are  manifest  in  the  pauses.  This 
irregularity  jK-rsisted  with  some  variabiUty,  until  the  animal's  death  on 
23rd  .\pril.  It  was  shown  that  the  group  beating  was  determined  by  the 
respirations. 

April  7.  .-^tropin  was  given  at  a  time  when  the  heart  manifested  the  irregularity  seen 
on  19tli  Jlarch.  One  of  the  first  effects  was  to  brmg  out  occasional  2  :  1 
cycles,  the  only  ones  seen  since  the  onset  ol  the  group  beating.  This  effect 
appeared  at  the  moment  the  heart  beat  became  perfectly  regular,  but 
before  there  was  any  considerable  increase  in  rate.  During  the  period  of 
maximum  acceleration  the  heart  beat  was  perfectly  normal. 


April  23.  Final  experiment.  Under  morphin  ether  antesthesia  the  heart  was  freely 
exjTOsed.  Its  beat  was  found  to  be  normal.  Then,  while  recording  the 
movements  of  the  aiu-icles  and  ventricles  with  tambours,  the  region  of  the 
auriculo-ventrieular  bimdle  was  crushed  with  the  heart  clamp.  Complete 
heart- block  came  on  at  once.  Other  details  of  this  experiment  have  been 
pubUshed  in  another  connection. 

.-Autopsy.  There  is  a  large  organized  thrombus  attached  to  the  endocar- 
dium of  the  left  ventricle  at  the  lowermost  point  of  attachment  of  the 
aortic  valve,  and  about  on  the  line  of  junction  of  the  right  with  the  posterior 
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leaflet.  While  cutting  out  a  block  of  tissue  (one  presumably  containing 
the  tield  of  the  first  operation)  for  histological  examination,  the  knife 
passed  through  a  small  opaque  mass  in  the  septum  of  the  ventricles.  This 
was  located  quite  close  to  the  upper  edge  of  the  muscular  septum,  but 
there  could  be  made  out  above  it  a  layer  of  apparently  healthy  muscle 
about  1  mm.  deep. 

"  Microscopically  the  bundle  is  present  and  shows  practically  no 
change.  The  surrounding  tissue  does,  however,  show  marked  inflammatory 
change."     (E.  K.  C.) 

Discussion. — The  most  important  results  of  this  experiment  may  be 
summed  up  in  a  few  words  :  Heart-block  was  produced  by  the  injection  of  a 
solution  of  iodine  into  the  region  of  the  auriculo-ventricular  bundle. 
Immediately  after  deposition  of  the  iodine  solution  in  the  ventricular  septum 
the  block  was  complete,  but  as  soon  after  the  operation  as  tracings  could  be 
obtained  (nine  days)  the  block  was  found  to  be  partial  or,  at  times,  relatively 
complete.  In  the  course  of  twenty-six  days  conduction  from  auricles  to 
ventricles  became  normal. 

The  first  c^uestion  that  presents  itself  here  for  consideration  is — How 
was  the  recovery  accomplished  ?  Was  it  (a)  the  result  of  the  regeneration  in 
the  auriculo-ventricular  bundle  of  structures  which  had  been  destroyed  by 
the  operation,  or  was  it  (b)  the  result  of  the  assumption  of  the  function  of 
conducting  the  cardiac  excitation  wave  by  some  structure  or  structures  other 
than  those  contained  within  the  auriculo-ventricular  bundle  ? 

The  second  suggestion  is  invalidated  by  the  final  experiment,  in  which 
it  was  shown  that  compression  of  the  auriculo-ventricular  bundle  again 
results  in  heart-block. 

The  first  suggestion  made  above,  namely,  regeneration  of  the  bundle, 
cannot  be  positively  excluded  when  considered  in  the  light  of  this  experiment 
alone,  but  other  experiments  of  this  paper  have  demonstrated  that  functional 
regeneration  of  the  auriculo-ventricular  bundle  does  not  take  place  after 
thorougli  destruction  of  a  narrow  section  of  it.  We  are  therefore  forced  to 
conclude  that  the  recovery  of  function  was  permitted  through  the  removal 
of  something  that  was  interfering  mechanically  with  the  passage  of  the 
excitation  wave  through  the  bundle.  This  conclusion  is  supported  by  both 
the  macroscopic  appearance  of  the  heart  at  autopsy  and  the  microscopic 
appearance.  These  showed  that  the  solution  of  iodine  had  been  deposited 
in  the  ventricular  septum,  not  in  the  bundle,  but  rather  just  below  it.  The 
bundle  was  probably  at  first  compressed  by  the  solution  injected,  and  it  is 
possible  that  the  inflammation  set  up  by  the  iodine  contributed  further  to  this 
pressure.  The  transportation  of  the  iodine,  of  the  products  of  necrosis  formed 
by  its  action,  and  of  the  inflammatory  exudate  away  from  the  region  of  the 
auriculo-ventricular  bundle  resulted  in  its  gradual  decomj)ression  with  the 
restoration  of  its  normal  or  almost  normal  functional  capacity. 

Another  interesting  feature  of  this  case  was  the  existence  at  many  times 
of  a  condition  which  has  been  termed  relatively  complete  heart-block.  This 
is  a  condition  in  which  the  conductivity  of  the  bundle  is  impaired,  not 
completely  interrupted,  to  such  an  extent  that  impulses  arising  in  the  auricles 
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reach  the  ventricles,  it  is  assumed,  but  are  of  subminimal  strength.  The 
result  is  auriculo-ventricular  dissociation.  In  this  respect  the  condition 
resembles  absolutely  complete  heart-block,  differing  from  it  in  that  a  slight 
increase  in  the  reactivity  of  the  heart  may,  in  the  case  of  relatively  complete 
block,  effect  a  change  from  the  condition  of  dissociation  to  one  of  the  several 
stages  of  partial  heart-block.  And,  it  should  be  added,  relatively  comj^lete 
block  may  develop  from  jjartial  block  when  the  reactivity  of  the  heart 
diminishes.  Effective  changes  in  reactivity  and  consequently  in  the  grade  of 
block  may  be  brought  about,  it  is  conceivable,  by  a  slowing  or  an  acceleration 
of  the  auricular  rate,  since  this  would  be  associated  with  an  increase  or  a 
decrease,  respectively,  in  the  strength  of  the  auricular  impulses  acting  upon 
the  ventricles. 

In  the  case  of  the  animal  we  are  considering  the  conductivity  of  the 
auriculo-ventricular  bundle  was  such,  between  the  5th  and  15th  March, 
inclusive,  that  slight  alterations  in  state  often  resulted  in  the  development 
of  relatively  complete  from  partial  block  and  vice  versa.  Often  it  is  not 
possible  to  discover  the  cause  of  the  change,  while  at  other  times  more  or  less 
plausible  explanations  suggest  themselves.  For  instance,  on  9th  March, 
before  the  administration  of  atropin,  there  was  comjilete  auriculo-ventricular 
dissociation,  the  auricular  rate  at  the  time  being  167-4  ;  later,  the  auricular 
rate  became  128-2,  and  the  dissociation  gave  way  to  a  2  :  I  rhythm.  Later 
in  this  experiment,  while  the  auricles  were  beating  at  the  rapid  rate  of  177  + 
beats  per  minute,  the  dissociation  gave  way  to  a  3  :  1  rhythm.  The  explana- 
tion we  would  offer  of  these  apparently  contradictory  results  is  that  in  the 
first  part  of  the  experiment  the  auricles  were  beating  so  rapidly  that  none  of 
the  impulses  reached  the  ventricles  with  a  residual  strength  sufficient  to  act  as 
efficient  stimuli.  The  ventricles,  therefore,  contracted  sjiontaneously  and 
independently  of  the  auricles.  When  the  auricular  rate  decreased  there  was 
a  corresponding  increase  in  the  strength  of  the  impulse,  so  that  every  other 
one  was  aderjuate.  Later,  when  the  rhythm  became  3:1,  the  impulses  may 
have  been  stronger,  perhaps,  through  removal  of  vagus  influence,  and  the 
irritability  of  the  ventricles  may  have  been  such  that  they  could  respond  to 
every  third  one. 

Again,  on  the  same  day,  as  may  be  seen  in  the  lowermost  tracing 
of  Fig.  21,  the  auriculo-ventricular  rhythm  ^^hile  the  animal  was  at  rest  was 
2:1.  With  a  gradual  increase  in  the  auricular  rate  the  As-Vs  interval 
lengthens,  until  dissociation  of  beats  preceded  by  one  3  :  1  cycle  develops.* 
Evidently  the  si^ontaneity  of  the  ventricles  asserts  itself  now  because  the 
period  of  the  ventricles  is  shorter  than  that  which  the  enfeebled  auricular 
impulses  can  determine.  Why,  then,  does  not  the  increase  in  the  auricular 
rate  induced  by  exercise  (fourth  tracing  from  bottom)  now  change  the 
partial  block  into  a  relatively  complete  block  as  it  did  a  moment  earlier  ? 
Because,  we  believe,  the  increase  in  the  rate  of  the  heart  beat  with  exercise 
is  the  result  of  accelerator  action,  and  although  such  action  might,  it  is  true, 
*  On  accoimt  of  reduction  of  the  figure,  this  does  not  appear, 
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reduce  the  strength  of  the  auricular  impulses  because  of  their  increased 
frequency,  it  at  the  same  time  probably  increases  the  reactivity  of  the 
ventricles,  so  that  they  can  respond  to  every  third  or  even  to  every  second 
auricular  impulse. 

In  the  same  tracings  it  may  be  seen  (second  tracing  from  bottom)  that 
occasionally  while  the  general  rhythm  is  2  :  1  the  ventricles  beat  spontan- 
eously. This  happens,  we  believe,  because  the  time  occupied  by  two  auricular 
beats  is  so  nearly  equal  to  the  sjiontaneous  periods  of  the  ventricles  that  the 
latter  may  contract  before  the  second  auricular  impulse  reaches  them. 

Not  infrequently  the  tracings  show  that  the  first  ventricular  cycle  of  a 
series  of  dissociated  beats  is  the  longest,  that  the  successive  cycles  shorten 
until  a  constant  rate  is  attained.  This  we  believe  to  be  a  manifestation  of  the 
phenomenon  termed,  develojiment  of  rhythm.  While  the  ventricles  are  being 
driven  by  the  auricles  their  inherent  rhythmicity  is  depressed.  It  is  there- 
fore comparatively  low  at  the  moment  the  ventricles  are  freed  of  the  influence 
of  their  pace-maker,  and  their  rate  of  beat  is  consequently  slow  until  the 
dormant  rhythmicity  becomes  fully  awakened. 

Slight  grade  of  partial  block  with  complete  recovery  in  24  hours. 

In  the  case  of  one  of  the  dogs  (No.  4)  complete  block  resulted  with  the 
insertion  of  the  hypodermic  needle,  but  the  heart  rhythm  became  normal 
before  the  wounds  were  closed  and  while  the  heart  was  still  exposed  to 
view.  On  the  day  following  the  ojieration  some  doubtful  evidence  was 
obtained  (see  jirotocols)  of  the  existence  at  times  of  a  2:1  rhythm  and 
occasional  ventricular  silences.  Later  in  the  same  day  the  pulse  became 
perfectly  normal  and  remained  so  as  long  as  the  dog  was  under  observation. 

At  the  autojjsy,  which  was  performed  seventeen  days  after  recovery,  there 
was  found  in  the  right  auricle  a  patch  of  vegetations  about  1  mm.  long  and 
2  to  3  mm.  wide.  This  ^^■as  situated  slightly  above,  and  parallel  to,  the 
auriculo-ventricular  junction  and  a  bit  posterior  to  the  membranous  septum. 
No  macroscopic  lesion  could  be  discovered  exactly  in  the  course  of  the 
auriculo-ventricular  bundle. 

The  specimen  was  spoiled  in  cutting  and  no  histological  study  could 
therefore  be  made. 

Summary. 

Summarising,  briefly,  the  more  imjjortant  results  herein  recorded,  it  may 
be  said  that  by  injuring  practically  nothing  but  the  auriculo-ventricular 
bundle  it  is  possible  to  produce  chronic  auriculo-ventricular  heart-block 
in  the  dog.  In  case  the  destruction  of  the  narrow  segment  of  the  auriculo- 
ventricular  bundle  is  complete,  or  practically  so,  the  block  is  complete,  or 
eventually  becomes  so,  and  is  permanent.  In  case  the  bundle  is  compressed, 
but  not  noticeably  injured,  the  l)lock  may  at  first  be  either  complete  or 
partial,  but  disa^jpears  in  the  course  of  time. 
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Animals  with  complete  heart-block  exhibit  many  interesting  heart 
irregularities  the  nature  of  which  cannot  be  made  clear  in  a  summary. 

Some  of  the  cases  of  comj^lete  heart-block  have  syncopal  attacks  resem- 
bUng  symptomatically  those  seen  in  cases  of  Stokes-Adams  disease,  whereas 
others  display  no  symptoms  whatever. 


Conclusions. 

Previous  experiments  have  shown  that  the  auriculo-ventricular  bundle 
constitutes  the  only  functional  connection  between  the  auricles  and 
ventricles  in  the  dog.  The  present  experiments  confirm  that  conclusion  and 
show  further  that  there  is  present  in  the  dog's  heart  no  structure  that  can 
vicariously  assume  the  function  of  the  auriculo-ventricular  bundle. 

It  may  also  be  concluded  from  this  research  that  the  conducting  struc- 
tures of  the  auriculo-ventricular  bundle  do  not  regenerate.  The  significance 
of  this  conclusion  from  the  standpoint  of  the  theories  of  the  heart  beat  is 
considered  in  another  place". 

It  would  appear  that  there  are  at  least  two  types  of  syncopal  attacks 
in  association  with  our  cases  of  auriculo-ventricular  heart-block.  One  type 
is  probably  not  determined  by  central  processes,  whereas  a  second  type, 
namely,  that  seen  in  association  with  Cheyne-Stokes  respiration,  probably 
depends  upon  the  same  factors  as  do  the  periodic  respirations. 


PROTOCOLS    OF    EXPERIMENTS. 

Series  I. — Experiments  in  wliich  the  attempt  was  made  to  produce  heart-block  by  the 
injection  of  iodine  into  the  \-icinity  of  the  auriculo-ventricular  bimdle. 

Dog  No.  1. — Young  dog,  small.  Operation  19th  February,  1906.  After  the  fourth  injection 
of  iodine  complete  block  was  obtained.  (Another  operation  was  then  performed  which  does  not 
concern  us  here.)  The  pulse  two  hours  after  the  operation  was  82  ;  five  hours  after,  160.  Evidently 
the  block  had  disappeared.     The  animal  was  found  dead  the  next  morning. 

Autopsy. — Bloody  extraversations  foimd  in  the  body  cavities  indicated  that  death  was 
probably  due  to  iodine  poisoning. 

Dog  No.  2. — Large,  young  dog.  Operation  20th  February,  1906.  Block  was  produced 
as  in  experiment  1,  but  the  animal  died  two  hours  after  the  operation. 

Autopsy. — Death  was  due  to  haemorrhage  through  a  hole  in  the  am'iule. 

Dog  No.  3. — See  protocols  in  body  of  paper. 

Dog  No.  4. — Young,  large  spaniel.  Operation  3rd  March,  1906.  After  many  trials  we 
succeeded  in  getting  complete  block  while  injecting  iodine,  but  finally  broke  the  hypodermic 
needle.  While  closing  the  wound  the  rhythm  became  1:1,  but  the  operation  could  not  be 
repeated  because  there  was  no  other  hypodermic  needle  available. 

March  4. — Pulse  cannot  be  counted  because  of  playfuhiess  of  the  animal.  While  he  is  in 
the  recumbent  position  the  pulse  is  regular  and  rapid  ;  sitting,  irregularities  in  the  pulse  occur, 
such  as  might  well  be  associated  with  an  alternating  2  :  1  and  1  :  I  rhythm.  With  the  aid  of 
this  rough  method  it  would  seem  that  series  of  2  :  1  beats  alternate  with  series  of  1  :  1  ;  that 
immediately  after  exercise  (walking)  the  rhythm  is  2  :  1  for  a  time,  changing  then  into  alter- 
nating 2  :  1  and  1:1.     Later  in  the  day,  immediately  after  tlirowing  the  animal,  irregularities 
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of   the  pulse  indicated  1  V  silence  in  2,  then  in  3,  and  then  in  4  lieart  (aiuricular)  beats.       The 
dog  would  not  remain  quiet  longer. 

After  tliis  day  the  heart  beat  became  regular  and  rapid.    Xo  signs  of  block  were  apparent. 

Autops}-. — Slight  old  adherent  {wricarditis  in  the  field  of  operation.  A  patch,  apparently, 
of  vegetations,  about  1  em.  long  and  2  to  3  mm  wide,  was  foiind  in  the  right  auricle  slightly  above 
the  A-V  junction,  parallel  to  it,  and  a  httle  posterior  to  the  membranous  septum. 

Series  II. — Experiments  in  which  the  attempt  was  made  to  destroy  the  auriculo-ventricular 
bundle  by  crushing  it  in  the  clamp  passed  into  the  septum  by  way  of  the  aorta. 

Dog  No.  5. — Died  on  the  table  of  haemorrhage  through  the  puncture  in  the  aorta. 

Dog  No.  G. — Died  on  the  table  for  some  unknown  reason  after  block  had  been  successfully 
produced. 

Series  III. — Experiments  in  wliich  the  attempt  was  made  to  destroy  the  auriculo-ventricular 
bundle  by  crushing  it  in  the  clamp  passed  into  the  septvun  by  way  of  the  right  auricle. 

Dog  No.  7. — Young  dog.  Operation  17th  March,  1906.  Before  the  operation  the  animal's 
pulse  was  224  (excitement).    Complete  block  wtis  produced  upon  the  first  trial. 

Immediately  after  operation,  pulse  54. 

Two  hours  after,  pulse  3fi. 

March  18. — a.m.     Pulse  70  ;   p.m.  60.    Dog  comfortable. 

March  19. — a.m.  Pulse  irregular  but  very  slow.  Irregularities  seem  to  be  caused  by  extra- 
systoles,  wliich  occur  with  every  second  or  third  beat.  Omitting  the  extrasystoles,  the  piJse  rate 
is  60  per  niin. 

P.M.     Pulse  sometimes  quite  regular,  then  it  is  54  per  minute. 

March  20.— Pulse  54. 
21.—  „  66. 
23.—     „     66. 

March  24. — First  dressing.  Wounds  have  healed  per  primum.  Stitches  removed.  First 
cardiograms  made. 


Block  complete. 

,,  ,,         No    time 

record. 

,,  ,,         V     quite 

regular. 

,,  ,,     very  slight 

variations  in 
V  cycles. 

Same,  but  less  marked. 

V  fairly  constant ;  A  more 
variable. 

Very  shght  variation  in 
A  and  V. 

Same. 

Same. 

Same. 

Marked  rhythmic  \aria- 
tions  in  A  and  V. 

No  rhj'thmic  variations. 

Marked  rhythmic  varia- 
tions of  A  and  V. 

Slight  rhythmic  variations. 

SUght  rhvtlimic  variations 
of  A'. 


A    RATE 

V    RATE 

DATE. 

PER  MINUTE. 

PER  METUTE. 

KESP. 

Meu-ch 

24 
25 

137-7 

590 

— 

26 
27 

133-4 
1120 

46-8 
43-4 

- 

28 
29 

113-4 
108-0 

43-9 
381 

- 

30 
31 

79-8 

37-8 

— 

April 

1 

nil 

37-1 

- 

3 
4 

5 

later . . 
(a.m.).. 

97-2 
90  0 
101-1 

113-0 

34-7 
42-9 
39- 1 

39-1 

SvTichron. 
with  V 

(p.m.).. 

— 

— 

— 

6 

(a.m.).. 
(p.m.).. 

Irreg. 

37-9 

Periodic 
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DATE. 

A    RATE 
PER  MINUTE. 

V    R.\TE 
PER  MINUTE 

April  7 

8  (a.m.). 

Irreg. 
97-4 

39-5 
37-7 

(p.m.). 

1210 

42-4 

0  (a.m.). 

1168 

37-9 

(p.m.). 
10  (a,ra.). 

97-2 
63-4 

40 
3li-3 

(p.m.). 

950 

420 

11  (a.m.). 

G7-5 

3S-0 

(p.m.). 
12  (a.m.). 
13 

101-3 
106-2 

42-9 
40-2 
4S-2 

14  (a.m.). 
(p.m.). 

\ 

41-3 

4S-7 

15  (a.m.). . 





Svncliron. 
Vitli   V 
Feriodii- 
SUghtly  Peri- 
odic. Generally 
sjiiclu'on.  with 
V 


REMARKS. 

No  rhythmic  variations. 

Slight  rhytlunic  variations 
of  A. 

V^ery  slight  rhy  tlimic  varia- 
tions in  A  and  V. 

Rhythmic  and  syncliron- 
ous  variations  in  A 
and  V. 

.\  an(i  V  slight!}'  periodic. 

Same.  Rate  for  one  res- 
piratory period. 

A  rather  irregular  in 
places. 

Marked  jieriodicity  of  A, 
less  of  V. 

No  rhythmic  variations. 

Periodicity  of  A. 

A   somewhat  irregular. 

-A  record  not  clear. 
Variations  in    A   not     so 
marked  as  usual. 


-Viiiraal  found  dead. 


Autopsy. — The  heart  appears  to  be  normal,  except  at  two  jwints  where  tlu-ombi  are  adlierent 
to  the  ]>ericardium.  One  of  tlie  tlirombi,  1  mm.  liigh  and  about  3x2  mm.  on  cross-section, 
projects  from  the  inner  surface  of  the  right  heart  along  the  line  of  attachment  of  the  mesial  cusp. 
The  other  tlirombus  is  in  the  left  ventricle  directly  opposite,  along  tlie  line  of  insertion  of  the 
posterior  leaflet  of  the  aortic  vahe.  It  measiu-es  about  4  mm.  in  diameter.  At  the  base  of  these 
thrombi  the  endocardimn  appears  thickened  and  opaque.  Both  thrombi  are  situated  at  the 
posterior  edge  of  the  pars  metnbranacea  scpti.    There  is  marked  pulmonary  oedema. 

Dog  No.  8. — Yoimg  mongrel.  Oi>eration  20th  JIarch,  1907.  After  a  few  trials,  complete 
block  was  obtained  upon  pusliing  hook  into  the  ventricular  septum.  Witliin  about  10  to  15 
minutes  the  heart  beat  became  normal.  Only  now  was  the  tissue  in  the  grasp  of  the  clamp  thor- 
oughly crushed.  Complete  block  preceded  bj-  stoppage  of  the  ventricles  was  again  obtained. 
-Wounds  were  then  closed. 


A    RATE 

V   RATE 

DATE. 

PER  MINUTE. 

PER  MDJUTE. 

KESP. 

RE.M.4RKS. 

March  20 

(ti.Op 

m.)           — 

00-0 

_ 

Pulse  regular. 

(10.0 

p.m.)        — 

50-0 



., 

21 

(a.m. 

50-0 

Svnclu-on. 

(p.m. 

- 

150-0  (wliile 

rapid) 

530  (wliile 

slow) 

w-ith  V, 
when  slow 

Pulse  recorded  with  sphyg- 
momanometer. 
Group  beating  of  V. 

23 

Groups  of  rapid  and   slow 

pulses. 
Same. 

24 

— 



— 

Same. 

25 

— 

70-0 

SUghtly 

V  regular. 

20 

07-5 

yieriodic 
Same 

Same.     First  dressing. 

28 

— 

— 

— 

Wounds  have  healed  per 

29 
30 

108-7 
si.  irreg. 

isoo 

01 -9 
reg. 
05-0 

- 

primiim. 
First  cardiograms. 
Block  complete. 

31 

si.  irreg. 
127-5  (V) 

reg. 
71-2 

— 

V  some^'hat  variable. 
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DATE. 

April        1 


May 


A  RATE 

V  RATE 

R  MIXPTE. 

PER  MINUTE. 

230-2 

Ul  U 

lSO-0 

til -5 

Not  clear 

7d  (about) 

142-127 
1350 


50-65 
(i5-0 


17 

140-2 

33-7 

— 

IS 

142-5 

57-7 

— 

19 

131-2 

52-5 

- 

20 

14lv2 

50-2 

— 

21 

172-5 

56-2 

- 

22 

142-5 

56-2 

— 

23-29 

l(iS-7-112-5 

56-2-41-2 

- 

30 

1350 

47-2 

- 

2 

165-0 

54-0 

- 

3 

5 

1720 
131-2 

49-5 
67-5 

— 

6 
7 

165-0 
131-2 

54-7 
67-5 

- 

8 

176-2 

50-2 

- 

9 
10 

11-U 
15 

IB 

157-5 
180-0 
.      1570-1350 
1650 

172-5 

48-0 

51-7 

56-2-45-7 

47-2 

510 

Synchron. 
with  V 

17 

123-7 

51-7 

- 

IS 
19-21 

127-5 

.      153-7- 1200 
123-7 

4.^-7 

49-5-41-2 
45-0 

S\-nchron. 
with  V 

S\'nchron. 

w-ith  V 

S lightly  |5eriodic 

REMARKS. 

V  irregular,     longest     1-2 

sec,  shortest  0-85  sec 

V  somewhat  irregular. 

V  somewhat      irregular. 

Block  certainly  com- 
plete at  most  times, 
but  in  parts  of  one 
tracing  rhythm  may 
have  been  2:1. 

V  somewhat       irregiJar. 

Block  apparently 

complete. 

V  sometimes  ratlier  rapid 

then  tracing  like  2:1; 
dui-ing  long  V  cycles, 
block  certainly  com- 
l)lete. 

Same.  .A  and  V  rates 
increase  and  decrease 
together.  No  relation 
to  respiration. 

Irregularities  not  so  mar- 
ked. Block  seems  to 
be  complete. 

More  irregular,  but  block 
seems  to  be  complete. 

V  more   regular.       IBlock 

complete. 

A  and  V  slightly  irreg- 
ular. Block  certainly 
complete. 

Occasional  short  Vs. 
Block  apparently 

complete. 

V  more   regular.       Block 

complete. 
Regular.     Block  c-ertainly 
complete. 

V  occasionally     irregular. 

Block  complete. 

V  slightly  irregular.    Block 

complete. 

Regular.     Block  complete. 

A  and  V  sUghtly  irregular, 
both  usually  length- 
ening at  same  time. 

Regular.     Block  complete. 

V  fairly   regular.       I51ock 

complete. 
Slight     variations     in     V. 

Block  complete. 
Regular.    Block  complete. 

V  sUghtly  irregular. 
R-egular.    Block  complete. 


Fairly  regular.   Block  com- 

plet<i. 
-A  and  V  slightly  irregular. 

Block  complete. 

V  slightlj-  irregular.   Block 

complete. 
RegiUar.    Block  complete. 
A  slower  with  respiration. 

V     regular.         Block 

complete. 

V  slightly  irregular.   Block 

complete. 
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A    RATE 

V    RATE 

DATE. 

PER  MTNLTTE. 

PER  MINUTE. 

RESP. 

May  24 

142-5 

45-0 

S\Tichron 
\rith  V 

25 

150-0 

48-7 

— 

26 

157-5 

48-7 

Svncliron 
'with  V 

27 

142-5 

50-2 

— 

28-Jime  2 

153-7-142-5 

43-5-49-5 



June    3 

120-0 

42-7 

— 

4 

135-0 

43-5 

— 

6 

135-0 

49-5 

— 

5 

146-2 

55-5 

— 

6 

157-5 

54-0 

— 

6 

157-5 

57-7 

— 

7 

150-0 

57-0 

— 

161-2 

105-0 

8 

165-0 

67-5 

— 

9 

142-5 

52-5 

— 

10 

123-7 

49-5 

— 

11 

127-5 

450 

— 

12 

142-5 

47-0 

Svnchron 
"with  V 

13 

142-5 

44-2 

14 

135-0 

540 

— 

15 

1650 

56-2 

Panting 

16 

138-7 

48-0 

— 

17 

Indistinct 

54-7 

Panting 

IS 

150-0 

45-7 

„ 

19 

157-5 

45-0 

„ 

REMARKS. 
A  slightly  periodic.    Block 
complete. 

Regular.    Block  complete. 

V  fairly   regular.       Block 

complete. 
Regular.     Block  complete. 
A  slightly  periodic. 
Regular. 

Reg\ilar,  before  exercise. 
Immediately  afterexercise. 
Regular,  before  exercise. 
Immediately  after  exercise. 
Regular.    Block  complete. 

Vagus    exposed    and 

stimulated. 
Under  ether. 
Regular. 

A  sUghtly  periodic. 

RegiUar. 

Regular. 

A  sUghtly  periodic. 
Regular. 

„         Temp.  warm. 

Temperature  warm. 
Regular.    Temp.  warm. 

V  sUghtly  periodic.    Tem- 

perature warm. 
Found  dead  in  a.m. 
For  autopsy  notes,  see  text. 


Dog  No.  11. — Small  fox  terrier.  Operation  25th  March,  1907.  The  fiist  attempt  to  produce 
block  was  partially  successful ;  block  passed  off  while  pericardium  was  being  closed.  It  was 
opened  again  and  block  successfully  produced. 

March   25. — Immediately  after  operation  (6.0  p.m.).    Pulse  is  -slow  and  regular. 
S.O  p.m.     Dog  comfortable  ;  sUght  dyspnoea  ;  i^ulse  38. 

March    26. — 9.0  a.m.     Quite  comfortable  ;   very  slight  dyspnoea  ;   pulse  47. 
9.0  p.m.     Quiet  and  comfortable  ;  pulse  48. 

March  27. — Animal  is  ha^^ng  epileptiform  con%-ulsions  of  the  kind  described  on  p.   201. 
Longest  V  stoppage  15  sec. 

March  28. — Condition  of  heart  described  on  p.  199.    Some  dyspnoea  witli  expiratory  grunt. 

Jlarch  29. — SUght  dyspnoea  ;    stools  sUghtly  bloody  ;    animal  very  sluggish  ;    pulse  30  and 
regular  ;   temperature  37°  C. 

6.0  p.m.       Dog  apathetic   and  drowsy  ;    pulse   2S   and  regular  ;    temperatuie 
37-5°  C. 

5Iarch  30. — Foimd  dead  in  the  morning. 

Autopsy. — Abdominal  organs  show  evidences  of  venous  congestion  and  there  is  a  sUght 
excess  of  peritoneal  fluid.    Lung  adherent  only  in  region  of  operation. 

Extension  sero-fibrinous  pericarditis  and  mediastinitis  with  adherent  pericardium.  The 
interior  of  the  heart  seems  to  be  normal  e\erywhere,  excepting  where  it  apparently  had  been 
crnshed.  At  these  places  small  organized  thrombi  are  attached.  Their  position  and  general  form 
are  shown  in  the  accompanying  sketches  (Fig.  22). 
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V.tw    'r«>v    Itft    s.d 


Vitw    fro«    right    i,de 
Dos  AJo  U. 


Dog  No.  12. — Large  mongrel.     Operation  26th  Marcli,  1907.     Block  successfully  produced 
upon  first  trial.    At  the  conclusion  of  the  operation  (6. 10  p.m.),  the  pulse  was  38  and  regular. 


A.    R.\TE 

.\RT.  PUXSE 

DATE. 

PER  MINTJTE. 

PER 

MINUTE 

April 

27 

(9.0  a.m.) 

— 

50 

28 

(12.0  noon) 

- 

46 
42 

29 

(9.0a.'m.) 

— 

34 

(2.0  p.m.) 

- 

44 

30 

(11.0  a.m.) 

- 

50 

31 

— 

56 

March 

1 

(9.0  a.m.) 

- 

55 

2 

(5.0  p.m.) 
(9.0  a.m.) 

- 

52 
55 

3 

(10.0  a.m.) 

— 

54 

si.  dysp. 


si.  dysp. 


REMARKS. 

Pulse  regular  ;    dog  com- 
fortable. 


but  sluggish. 

Pulse  regular ;  dog  live- 
Uer ;  urine  contains 
trace  of  albumen. 

Sliglitly  irregular ;  some 
subcut.  emphysema, 
but  is  lively. 

Regular  ;  emphysema  has 
largely   disappeared. 

Regular  ;  quite  comfort- 
able. 

Regular. 

Regular ;  qmte  happy. 
First  dressing  chest 
woiuid  has  healed  per 
primum. 
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DATE. 

March  3 


A  RATE         V  RATE 

PER  MtS'ljTE.    PER  MINUTE. 

157o  50<> 


1 
2 
3-5 


8- 

12 

13 

U 

15 

lG-19 

20 

21 

22- 

2-t 

25 

26 

27- 

30 

31 

1 

3 

4 

6 

7 
s-11 

12-14 
15 

1(5-23 
24 


1500 

52-5 

157-5 

51-2 

172-5 

500 

135-0 

43-1 

135-0 

45-0 

1350 

390 

1500 

510 

1350-1500 

38-2-48 

150-0 

45-0 

150-0 

431 

127-5 

42-0 

1350 

45-0 

13S-7 

45-0 

165-0 

50-2 

157-5 

47-2 

202-5 

52-5 

138-7 

43-5 

1650 

46-5 

1800 

50-2 

153-7 

540 

142-5 

46-5 

172-5 

47-2 

161-2 

510 

157-5 

146-2 
157-0-1760 

161-2 

165-0 

172-5 
1420-165-0 

165-0 

161-2 
1420-1460 

1500 

157-5 
1460-1570 

120-0 

1575 

157-5 

142-5 

161-2 

153-7 

142-5 


172-5 

150-0 
146-0-1610 
1.50-0-157-0 

1390-157-0 
157-5 


42-7 

42-7 

42-0-54-0 
50-2 
44-2 
49-5 

41-0-46-0 
47-2 
42-7 

36-0-37-5 
36-0 
43-5 

31-5-450 
390 
44-2 
49-5 
39-7 
37-5 
50-2 

46-5 


50-2 
34-5-42-7 
45-0-53-5 

37-5-45-7 
47-2 


Sjiichron. 
"with  V 


REMARKS. 

First  cardiograms  ;  A  and 

V  regular. 
Heart      irregularity      not 

clear    on    account    of 

Ix)or  tracings. 
Tracings      not      [lerfectly 

clear,    but    block    is 

apparently   complete. 
Block  complete. 


V  regular.  Block  complete. 


A  and  \'  regular.     Block 

complete. 
A  slightly  irregular. 

Occasional  long  Vs  ;  others 
fairly  regular.  Block 
complete. 

Regular.    Block  complete. 


Fairly  regular.  Apparently 

complete. 
Regular.    Block  complete. 

Irregularity   described   on 

p.  195" 
Regular.    Block  complete. 


Panting 


Regular. 

Regular.     Block  complete. 


Immediately  after  exer 
cise. 

Immediately  before  exer- 
cise, regular.  Block 
complete. 

Immediately  after  exercise. 


Regular.     Block  complete. 
Record  not  clear. 
Regular.     Block  complete 
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Digitalis    Experiment. 


A  RATE 

V    R.iTE 

DATE. 

PER  MINUTE. 

PER  MINUTE. 

RESP. 

REMARKS. 

June   2r>  (3..54)  . 

172-5 

45-7 

Panting 

Regular. 

(3.5S)  . 

157-5 

47-2 

„ 

(4.2)     . 

157-5 

40-5 

„ 

(4.5)     . 

14li-2 

45-7 

„ 

(4.8)     . 

— 

— 

— 

0-5  cc.  digitalin  (Merck) 
1  %  intramuse. 

(4.9)     . 

159-0 

49-5 

,. 

Regular. 

(4.10)  . 

— 

— 

— 

0-5  cc.  digitalin. 

(4.1U) 

154-5 

53-5 

„ 

Regular. 

(4.12f  . 

— 

— 

— 

0-5  cc.  digitalin. 

(4.13)  . 

159-0 

54-0 

Regular. 

(4.1.1)  . 

144-7 

48-7 

(4.17)  . 

130-5 

46-5 

(4.18)  . 

— 

— 

— 

0-5  cc.  digitalin. 

(4.19)  . 

143-0 

48-0 

„ 

Regular. 

(4.21)  . 

137-2 

450 

„ 

(4.23)  . 

121-5 

42-7 

Slight  periodicitj-  of  A. 

(4.24)  . 

— 

— 

0-5  cc.  digitalin. 

(4.2r,)  . 

123-7 

42-7 

Slight  jjeriodicity  of  \. 

(4-27)  . 

133-5 

42-7 

„ 

Regular. 

(4.29)  . 

135-0 

45-7 

Panting 

Regular. 

(4.30)  . 

— 

— 

— 

0-5  cc.  digitalin. 

(4.32)  . 

'.  127 

•5  while  fast 

42-0 

— 

Sleepy  ;      marked     perio 
dicity  of  A. 

(4.33)  . 

127-5 

40-5 

— 

One  V  extrasystole. 

(4.39)  . 

122-0 

43-5 

Panting 

Awake.     Regular. 

(4.40)  . 

— 

— 

— 

0-5  cc.  digitaUn. 

(4.43)  . 

118-5 

45-7 

— 

Slight  periodicity  of  .\. 
Two  V  extrasystoles. 

(4.47)  . 

127-5 

45-7 

Panting 

Regular. 

(4.49)  . 

127-5 

47-2 

— 

A  slightly  jieriodic. 

(4.51)  . 

]  117 

-0  while  fast 

39-7 

— 

A  more  periodic. 

(4.52)  . 

— 

— 

— 

0-5  cc.  digitalin. 

(4.54)  . 

129-0 

45-0 

— 

A  slightly  (periodic. 

(4.57)  . 

114-0  (?) 

43-5 

Panting 

A  decidedly  periodic. 

(5.3)     . 

125-2 

46-5 

,, 

(5.0)     . 

'.    42-7  (?)  while 

42-7 

— 

Beautiful  [X-riodicity  of  A. 

slow 

107 

-4  while  fast 

39-7 

— 

— 

(5.11)  . 

.     42 

-7  while  slow 

42-0 

— 

,, 

117 

-0  while  fast 

30-7 

_. . 

— 

(5.15)  . 



_  - 



Same  as  at  5.11. 

(5.20)  . 

137-2 

4(1-5 

— 

After  light  exercise.  Very 
slight   i>eriodicity. 

(5.2S)  . 

.  132 

•0  wliile  fast 

32-2 

Slight  A  and  V  periodicity 
of  opposite  sign. 

1050  wliile  slow 

38-2 

— 

— 

(5.55)  . 

— 

— 

— 

Same.     End  of  exp. 

2t> 

1.57-5 

4S-7 

Slower   than  V 

Regular. 

49- 

J  while  slow 

49-5 

Slow 

After  rest  of  i  hour;  sleepy. 

Marked  periodicity  of 

A. 
Slight  periodicity. 

27 

129-7 

40-5 

Syncliron. 

with  V 

28 

1320 

47-2 

Slow 

29 

140- 1 

42-0 

- 

.. 

June  30  to  Sept.  1 

0 

— 

40-0-54-0 

— 

Pulse  taken  by  attendant. 

Sept.      21 

131-2 

27-0 

— 

V  slightly  irregular.  Some 
periodicity  of  A. 

Dec.        17 

99-7 

39-7 

Slow 

At  places  slight  perio- 
dicity of  A. 

24 

100-5 

480 

„ 

Regular. 
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Feb. 


125-2 
124-5 


V  RATE 
PER   MINUTE. 


50-2 

42-7 


REMARKS. 


SjTieliron. 
with  V 


Slow 


Regular. 


Found  dead. 


Autopsy. — The  dog  has  a  very  large  amount  of  adipose  tissue.  The  pleura  is  normal  everj-- 
where,  excepting  adhesions  of  cardiac  surface  of  right  limg  to  the  pericardium.  The  limgs  are 
everywhere  crepitant  and  only  a  small  amount  of  frothy  fluid  exudes  from  the  cut  surface. 

The  two  layers  of  the  pericardium  adhere  everywhere,  but  they  can  be  separated,  except  in 
the  field  of  the  operation. 

In  the  heart  scars  were  foimd  ha\ing  the  position  and  form  shown  in  the  accompanying 
sketch  (Fig.  23). 


,e.\-P='»1""'>- 


^p,v  »l,w..»  ptM«'»»i~S  "P" 


Dog  No.  13.— Large  lioimd.  Operation  4th  April,  1907.  Block  produced  upon  second  trial. 
Five  minutes  later,  while  the  block  was  still  complete,  the  clamp  was  reinserted  and  tissue  in  its 
grasp  thoroughly  crushed.     Operation  completed  at  6.10  p.m. 


RESP.  REMARKS. 

—  Doing  very  well.    Regular. 


A    RATE 

PULSE 

DATE 

PER 

MINUTE. 

PER 

MINUTE 

April   4 

(10  p 

m. 



48 

5 

(10a 

ni. 



48 

(4  p.m.) 



50 

0 



50 

7 



54 

8 



46 

9 

— 

48 

10 
11 

- 

48 
46 

Regular.      Perfectly   com- 
fortable and  happy. 
Regular. 
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DATE. 

PER  MTNTTTE. 

PER   MINITTE. 

BESP. 

April   12 

1650 

39-4 

— 

13 

1650 

46-9 

14 

1500 

46-9 

— 

15 

142-5 

45-0 

Rapid 

10 

ioO-0 

420 

S\-nchron. 
"with  \' 

17 

127-5 

400 

— 

18 

142-5 

43-7 

— 

19-24 

128-0-154-0 

40-0-470 



25 

101-2 

420 

— 

26-lIav   2 

120-0-131-0 

37-5-42-7 

Occas.  s\-nchn. 

May     3       '      .. 

108-7 

39-7 

— '- 

4 

127-5 

43-7 

— 

5-10 

131-0-1500 

390-43-5 

Occas.  sj-nchn. 

11 

120-0 

42-0 

12 

150-0 

43-5 

13 

1200 

40-5 

14 

120-0 

43-5 

— 

15 

127-5 

42-0 

— 

16 

1500 

39-0 

— 

17 

112-5 

39-0 

— 

18 

1050 

36-0 

— 

19 

127-5 

390 



20 

1350 

36-7 

Occas.  sjTiclin. 

21 

116-2 

36-7 

— -" 

22 

112-5 

31-5 

— 

23 

1050 

31-5 

— 

24-28 

1120-135-0 

31-5-39-0 

— 

28 

105-0 

33-7 

— 

29-Jime  1 

1120-127-0 

36-0-43-7 

Occas.  s\-nchn. 

Fune     2 

93-7 

35-2 

— 

3-6 

120-0-127-0 

31-5-39-7 

7 

101-2 

34-5 

— 

8 

131-2 

39-7 

— 

9 

108-7 

330 

— 

10 

75-0 

31-5 

— 

11-16 

18 

19 

112-5-1350 

35-0-46-5 

Occas.  sjTichn. 

120-0 

42-7 



20 

105-0 

35-2 

— 

21 

Very  slow 

32-2 



REMARKS. 

First  dressing.  All  stitche: 
removed.  Cardio 

grams  made.  Regu 
lar.     Block  complete 

Regular.     Block  complete 


22 
23 
24 
25 

108-0 

31-5 
37-5 
30-0 
30-0 

26 
27 
28 
29 

114-9 
106-5 
90-0 
1290 

43-0 
41-2 
40-5 
430 

30- 

Sept.  10 

— 

400-56-0 

Sept. 

21 

102-7 
37-5  (?) 

39-0 
37-5 

Dec. 

14 

10  (?) 

39-0 

17 

10.5-0 

42-7 

Slow 
Slow 


A  slightly  periodic. 
Regular.    Block  complete. 


A  slightly  periodic. 
Regular.     Block  complete. 


A  slightly  periodic. 
Regular.    Block  complete. 
A  slightly  periodic. 
Regular.     Block  complete. 
After  rest. 
Regular.    Block  complete. 


A  sUghtly  periodic. 

Regular.     Block  complete. 

A  slightly  periodic. 

Same. 

Regular.    Block  complete. 

Vagus  stimulated. 

Regular.    Block  complete. 

A  decidedly  periodic.  V 
sUghtly  irregular. 

Marked  periodic  variations 
in  A  make  it  impos- 
sible to  estimate  rate. 

Same. 

Same,  but  not  so  marked. 

Same,  but  more  marked. 

Regular.  Block  complete. 
Later,  while  animal 
sleeps,  same  as  above. 

Regular.    Block  complete. 

A  slow  over  long  periods. 
Regular.    Block  complete. 

Pulse  coimted  by  atten- 
dant. 

Regulcu-.    Block  complete. 

Later,  marked  periodicity 
of  A. 

No  A  waves  over  long 
stretches  of  record. 

A  sUghtly  periodic. 

About  same  as  Dec.  14. 
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A  RATE 

V  RATE 

DATE. 

PER  MINUTE. 

PER  MINUTE. 

Jan.     2 





3 

'. .           1200 

41-2 

Feb.   12 

142-5 

38-2 

It 

97-5 

420 

18 

139-5 

450 

21 

97-5 

42-0 

Mm-c-li    () 

86-2 

311-0 

10 

114-9 

380 

RESP.  REMARKS. 

—  About  same  as  Dec.  14. 
Slow  Regular.     Block  complete. 

—  Regular  at  first. 

—  Well-marked       A       perio- 
dicity. 

—  Slight  A  periodicity. 

—  Some  A  periodicity. 

—  Some  A  periodicity. 

—  At    end    of    long     record 
some  A    periodicity. 

13  .  .  —  —  —  Final     experiment.        See 

p.  206. 

Autopsy.— The  right  lung  is  firmly  adherent  to  tlie  pericardium.  Layers  of  the  pericardium 
are  adlierent  everywhere,  but  can  be  easily  separated,  excepting  over  the  auricles.  The  heart 
weighs  200  grm.  The  accompan_\-ing  sketch  (Fig.  24)  shows  the  lesions  in  the  heart  as  determined 
bv  vision  aided  bv  touch. 


Fig.    24. 
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BREAST    PANG. 
By  H.  WALTER  VERDON. 

(London.) 

Dk.  X,  aged  60  5^ears,  doing  an  extensive  practice  in  a  suburb  of  London, 
describes  his  own  illness  in  tlie  following  terms  : — 

On  the  morning  of  7th  March,  1908,  while  reading  the  daily  paper  after 
a  breakfast  consisting  of  a  rasher  of  bacon,  a  few  pieces  of  dried  toast  and  a 
cupful  of  coffee,  I  became  conscious  of  a  dull,  aching  pain  at  the  chest.  After- 
wards for  a  few  seconds  only  did  my  mind  continue  centred  in  the  news. 
For  the  pain,  at  first  felt  in  the  mid  line  beneath  the  upper  part  of  the  sternum, 
was  now  extending  upwards  to  the  throat,  finally  to  reach  the  molar  region 
of  the  jaws,  backwards  towards  the  scapulae  and  laterally  to  the  axillae, 
elbows  and  Mrists.    Moreover  every  moment  it  was  increasing  in  intensit3^ 

The  most  extreme  manifestation  was  focused,  and  could  be  located,  with 
some  degree  of  exactitude,  in  the  region  lying  behind  the  manuhrio-gladiolar 
synchondrosis,  while  painful  sensations  of  lesser  magnitude  continually 
radiated  from  this  centre  towards  the  back,  neck  and  arms.  Pain  did  not 
extend  below  the  plane  of  the  diaphragm,  neither  was  it  accompanied  by 
faintness,  sickness,  or  embarrassment  of  breathing.  The  pulse  was  irregular, 
its  rate  was  rapid  enough  to  be  beyond  my  powers  of  computation.  The 
radial  artery,  usually  full  and  strong,  felt  small  and  thread-like.  The  skin 
was  wet  with  perspiration. 

It  is  said  that  persons  stricken  by  angina  pectoris  are  distressed  with 
forebodings  of  impending  death.  I  am  not  conscious  of  having  entertained 
any  apprehensions  of  this  character.  My  mind  was  clear  and  capable  of 
concentrated  thought.  I  considered  the  situation  for  a  few  seconds  in 
expectation  that  the  symptoms  would  pass  off,  but  the  pain  gathering  strength 
rather  than  abating,  I  determined  that  something  must  be  done  quickly  to 
obtain  relief  from  my  intolerable  sufferings.  At  length  I  wrote  a  prescription 
for  nitrite  of  amyl  and  sent  it  by  messenger  to  a  neighbouring  chemist. 

The  effort  attendant  upon  this  action  greatly  aggravated  my  sufferings. 
Neck  and  molar  pain  was  intensified.  Vision  became  affected.  Objects  seen 
at  a  distance  across  the  room  seemed  to  stand  in  a  dark  field  surrounded  by 
mist  which  rolled  in  eddies  from  centre  towards  circumference. 

I  had  been  in  extreme  pain  for  twenty-five  minutes  when  the  messenger 
returned,  bringing  with  him  a  supply  of  nitrite  of  amyl  cajosules.    Taking  one 
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I  crushed  it  and  inhaled  the  vapour.  Immediately  I  felt  relief,  which  first 
reached  the  jaws,  neck  and  arms,  and  afterwards  the  chest.  A  sore  feeling 
still  remained  in  the  substernal  region  which  afterwards  was  removed  by 
inhalation  of  fumes  from  a  second  capsule.  Fifteen  minutes  later  I 
was  attending  to  the  rec^uirements  of  patients  waiting  to  see  me,  and 
except  for  some  shakiness  of  the  limbs  feeling  no  worse  for  my  recent 
experiences. 

A  second  attack  came  on  a  few  days  afterwards  in  the  early  morning. 
Pain  in  the  substernal  region  awoke  me  from  sleep  and  after  the  lapse  of  a  few 
minutes  involved  the  whole  chest,  the  neck  and  the  arms.  The  pain  was  of 
the  same  character  as  that  of  the  previous  attack  and  as  rapidly  left  me  after 
I  had  inhaled  a  few  breaths  of  nitrite  of  amyl. 

Including  in  the  count,  seizures  already  described,  I  have  suffered  from 
five  definite  anginal  attacks,  all  of  which  occurred  during  the  months  of 
March,  April  and  May,  1908. 

For  fifteen  months  before  the  date  of  the  first  attack  of  this  series  I  had 
found  myself  unable  to  walk  far  on  rising  ground  without  feeling  discomfort 
and  pain  in  the  ujijjer  part  of  the  chest  which  seemed  to  be  associated  always 
in  some  manner  or  other  with  disorders  of  the  stomach  and  the  presence  of 
gastric  flatus.  Pain  was  a  new  condition  suiierimposed  upon  the  symptoms 
of  acid  dj'spepsia  which  had  troubled  me  for  years.  This  conclusion  is 
drawn  because  the  breast  pang  made  itself  felt  sooner  after  a  full  meal 
than  after  a  spare  one.  More  frequently  after  tea  in  quantity,  sweet  cakes 
and  jam,  or  after  souji,  vegetables,  pastr}'  and  milk  puddings  than  after 
a  plain  dish  such  as  a  grilled  chop  with  no  accessories.  Moreover,  it  asserted 
itself  with  marked  violence  when  effervescing  wines,  malted  liquors,  or  non- 
ahholic  sweet  beverages  had  been  drunk  with  the  meal.  Pain  usualh'  abated 
or  came  to  an  end  when  exercise  was  discontinued  or  when  flatus  was  exjjelled. 
After  several  breaks  in  the  journey  and  when  gastric  distension  had  been 
relieved  by  repeated  eructations  of  flatus  a  considerable  length  of  road 
might  be  traversed  without  the  occurrence  of  an}'  further  manifestation  of 
thoracic  discomfort. 

The  pain  induced  b}'  walking  exercise  is  precisely  of  the  same  character 
as  that  exi>erienced  in  the  definite  anginal  attacks  of  March,  April  and 
May,  1908,  except  in  degree  and  in  the  extent  of  area  involved.  It  commences 
in  the  substernal  region  and  extends  to  the  inner  aspect  of  the  arms  as  far 
down  as  the  elbows.  It  seldom  reaches  backwards  to  the  scapulae  or  affects 
the  jaws  or  neck.  \Yhen  exercise  is  persisted  in  it  is  exaggerated.  Upon 
discontinuance  of  muscular  effort  it  is  relieved.  Abatement  follows 
eructation  of  flatus,  inhalation  of  nitrite  of  amj'l  or  the  exhibition  of 
nitroglycerine. 

On  some  few  occasions  when,  notwithstanding  the  urgency  of  my 
sj'mptoms,  I  had  persisted  in  going  forward  to  reach  u\y  destination  without 
any  further  halts,  the  pain  in  the  chest  became  intolerable,  it  extended  to 
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the  jaws  and  wrists  and  began  to  assume  all  the  characteristics  of  the  anginal 
seizures  alread}'  described. 

Blood  pressure  was  frecjuentlj'  estimated  in  the  latter  months  of  1907. 
It  was  generally  found  in  the  neighbourhood  of  165  mm.  Hg..  Sometimes  it 
was  noticed  to  fall  as  low  as  120  mm.  and  on  a  few  occasions  it  ranged  over 
200  mm.  Both  high  and  low  levels  were  ephemeral,  the  former  corresponding 
with  periods  of  muscular  effort  and  gastric  disturbance. 

On  20th  November,  1907,  on  account  of  the  continual  findings  of  high 
blood  pressure,  the  consumption  of  animal  food  was  reduced  to  small  pro- 
portions. I  lived  chiefly  for  some  months  afterwards  upon  milk,  eggs 
vegetables,  fruit  and  bread.  On  the  date  when  this  dietary  was  entered  ui^on 
I  weighed  14  stone  4  lbs.  The  regime  with  occasional  variations  was  followed 
until  the  23rd  August,  1908.  Weight  had  gradually  increased  after  the 
abandonment  of  meat  food  and  now  reached  16  stone  2  lbs.  Girth  at  the 
umbilical  plane  had  increased  from  42  inches  to  54  inches.  Instead  of  a 
collar  of  16i  inches  in  circumference  I  found  it  necessary  to  wear  one  of 
18i  inches  and  this  was  none  too  eas}'  of  fit. 

Blood  pressure  during  the  regime  fell  from  165  mm.  Hg.  to  145  mm. 
but  when  taking  exercise  I  was  subject  still  to  e^jhemeral  elevations  of 
abnormally  high  range.  Incidences  of  thoracic  pain  were  excited  more 
frequently  than  before  and  came  into  evidence  before  I  had  walked  more 
than  20  or  30  yards.  The  dosage  of  nitroglycerine  had  been  increased  from 
one-hundredth  to  one-fiftieth  of  a  grain  and  sometimes  two  or  more  tablets 
were  necessary  to  stave  off  an  impending  attack.  Moreover  during  the 
period  of  abstinence  from  meat,  namely,  in  March,  April  and  May,  1908, 
I  had  suffered  from  the  series  of  definite  anginal  attacks  to  which  reference 
has  alread)-  been  made. 

On  the  23rd  August,  1908,  the  "  milk-egg- vegetable  "  regime  was 
abandoned  and  an  "  all  meat  "  dietary  adopted  in  its  stead.  This  consisted 
of  a  category  from  which  starch  and  sugar  bearing  foods  were  mostly  elimi- 
nated. Vegetables,  fruits,  bread,  milk,  sugars,  pastry,  wines  and  fermented 
liquors  were  for  the  most  part  excluded.  The  day's  rations  were  selected 
from  a  menu  containing  meat,  poultry,  game,  fish,  bacon  and  cheese,  and  to 
these  articles  were  added  a  few  slips  of  crisp  dried  toast  with  an  occasional 
tomato,  orange,  lemon  or  dish  of  spinach.  The  beverages  taken  with  meals 
were  weak  tea,  lemon  water  or  whiskey  freely  diluted  with  ]\Ialvern,  Seltzer 
.or  ApoUinaris  water. 

Ten  days  after  the  adoption  of  this  regime  I  noticed  a  remarkable 
improvement  in  my  general  health.  I  had  lost  between  eight  and  nine 
pounds  in  weight.  Flatulence  ceased  to  be  a  prominent  symj^tom.  Inci- 
dences of  thoracic  pain  were  less  frequent.  I  found  myself  able  to  walk 
150  or  200  3^ards  without  discomfort.  Moreover  blood  pressure  had  fallen 
10  mm.  Hg.  and  ephemeral  elevations  during  exercise  did  not  exceed 
170  mm.  Hg.. 
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Decline  in  weight  under  the  "  all  meat  "  dietary  is  illustrated  in  the 
figures  of  the  following  table  : — 


1908. 

St. 

lbs. 

St. 

lbs. 

St.  lbs. 

August 

23rd 

16 

2 

Sept.     6th 

15 

n 

Sept. 

19th 

14   11 

jj 

24th 

16 

1 

Tth 

15 

31 

20th 

14   10 

25th 

16 

Oi 

8th 

15 

n 

21st 

14     9i 

26th 

15 

13i 

9th 

15 

If 

22nd 

14     8J 

J, 

27th 

15 

llf 

„       10th 

15 

If 

J  J 

23rd 

14     Si 

jj 

28th 

15 

lOi 

,.       11th 

15 

1 

jj 

25th 

14     7J 

29th 

15 

0 

„       12th 

15 

Of 

^, 

26th 

14     7J 

30th 

15 

8f 

„       13th 

14 

13 

j^ 

27th 

14     7 

31st 

15 

8J 

„       14th 

14 

13 

jj 

28th 

14     7| 

Sept. 

1st 

15 

8 

„       16th 

14 

13i 

jj 

29th 

14     61 

2nd 

15 

Ti 

,.       17th 

14 

12i 

30th 

14     5i 

„ 

3rd 

15 

5i 

..       18th 

14 

llj 

Oct. 

2nd 

14     4| 

On  the  22nd  October,  1908,  my  weight  having  fallen  to  14  stone  1  lb. 
I  found  myself  able  to  walk  a  distance  of  two  miles  without  pain.  On  the 
1st  November  I  weighed  14  stone  2J  lbs.  ;  on  the  1st  December  13  stone 
121  lbs.  ;  on  the  1st  January,  1909,  13  stone  llf  lbs.  The  lowest  weight 
reached  under  the  all  meat  regime  was  on  the  2nd  May,  1909,  when  it  had 
declined  to  13  stone  6^  lbs. 

After  this  date  severe  restrictions  ujion  dietary  were  suspended  and 
excluded  articles  were  admitted  in  sparing  quantities.  Blood  pressure  now 
registers  130  mm.  Hg..  Ephemeral  elevations  during  exercise  range  within 
normal  limits.  Since  the  abandonment  of  the  milk,  egg,  vegetable  regime 
waist  girth  has  decreased  by  13  inches  and  collar  measurement  by  2  inches. 

Even  now  discomfort  is  sometimes  felt  in  the  thoracic  region,  but  its 
visitations  are  infrequent.  When  making  a  temjjorary  sojourn  in  the 
bracing  air  of  the  east  coast  I  have  found  m\'self  able  to  walk  a  distance  of 
7  or  8  miles  without  experiencing  any  pain.  Sometimes  when  walking  in 
London  I  feel  discomfort  not  amounting  to  pain.  Resort  to  the  nitrites  is 
not  now  necessary,  for  when  j^erchance  a  premonitory  symptom  does  make 
its  appearance  a  halt  of  a  few  minutes'  duration  determines  relief. 

The  specific  gravity  of  the  urine  is  1024  with  an  acid  reaction.  The 
presence  of  phosphates  is  variable.  The  colour  is  dark  straw.  Deposits  of 
a  brick  dust  character  not  infrequently  stain  the  utensil.  Sugar  and  albumen 
are  absent. 

Constipation  is  the  ordinary  habit,  but  it  is  less  marked  during  the 
'■  all  meat  "  regime  than  during  the  "  milk,  egg,  vegetable  "  period. 

The  heart  sounds  are  normal.  The  skin  inclines  to  the  sallow  t3'pe. 
The  whites  of  the  eyes  have  lost  their  blue  tint  and  assume  a  dirty  5'ellow 
shade  lasting  twenty-four  hours  or  more  after  the  ingestion  of  sweet  foods 
and  fermented  beverages. 
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The  chronic  acid  dyspepsia  from  which  I  had  suffered  for  many  years 
is  a  form  associated  with  the  intake  of  starch  and  sugar  bearing  foods.  It  is 
excited  by  bread,  milk,  cakes,  i^astry,  jams,  jjotatoes  and  fruits.  It  is 
encouraged  by  wines  and  fermented  hquors,  and  it  is  accomi^anied  by  the 
formation  of  large  volumes  of  gastric  flatus.  The  effect  of  the  ingestion  of 
any  of  these  articles  in  quantity  is  generally  noticed  one  or  one  and  a  half  • 
hours  after  a  meal.  The  stomach  becomes  greatly  dilated  and  the  discomfort 
of  the  distension  is  aggravated  by  the  constrictions  of  trouser  band  or  waist- 
coat. Tension  is  relieved  by  the  exjiulsion  of  flatus.  Gastric  pain  is 
entirely  absent. 

The  stomach  has  been  always  tolerant  of  meat.  Beef,  mutton,  lamb  or 
pork,  fresh  or  salted,  roast  or  boiled,  chickens,  game  or  fish,  crabs  and 
lobsters.  So  strong  is  the  stomach  in  the  digestion  of  meats  of  all  sorts  that 
even  when  swallowed  in  unmasticated  lumps  they  do  not  provoke  discomfort. 
Indeed,  in  the  absence  of  starches  and  sugars  the  digestive  ajiparatus  might 
be  i^roperly  described  as  vigorous. 

Relief  from  attacks  of  indigestion  of  this  sort  is  not  difficult  of  attain- 
ment. Administration  of  alkalies  when  symptoms  begin  to  assert  themselves 
is  generally  effective  for  this  jjuri^ose.  A  draught  of  Vichy  or  Seltzer 
water,  followed  by  bismuth  and  iodide  of  potassium  usually  causes  eructation 
of  flatus  and  puts  an  end  to  gastric  discomfort. 

In  the  early  months  of  1908,  before  the  incidence  of  any  definite  attack 
of  angina,  I  had  practised  total  abstinence  from  alcohol  and  tobacco  for  a 
period  of  five  weeks.  I  am  not  aware  that  any  beneficial  results  followed. 
Indeed,  at  this  time  attacks  of  thoracic  pain  were  daily  becoming  more 
frecfuent.  Increased  frequency,  however,  may  have  been  due  to  the  "  milk, 
egg,  vegetable  dietary  "  which  I  was  follo\\ing  then,  and  to  the  gaseous 
distension  of  the  gastro-intestinal  tract  which  accompanied  the  observance 
of  this  regime. 


235 


THE  SUCCESSIOX  OF  EVENTS  IX  THE  COXTEACTING  VEXTPJCLE 
AS  SHOWX  BY  ELECTROMETER  RECORDS— (TORTOISE  AXD 
RABBIT). 

By  FRANCIS  GOTCH. 
{Physiological  Laboratory,   Oxford.) 

In  a  commuuication  to  the  i3roceedings  of  the  Royal  Society  I  brought 
forward  the  result  of  an  investigation  by  means  of  the  capillary  electrometer 
upon  the  course  of  the  contraction  wave  in  the  ventricle  of  the  frog's  heart 
when  contracting  normally  in  situ".  The  character  of  the  electrometer 
records  a])peared  to  show  that  "  in  the  natural  beat  the  whole  base  does  not 
pass  simultaneously  into  the  active  state  with  its  associated  relative  negativity, 
the  manifestation  of  such  activity  in  the  part  near  the  exit  of  the  aorta  being 
always  delaj-ed." 

An  extension  of  the  same  investigation  to  the  heart  of  the  tortoise,  whilst 
beating  in  situ,  aiforded  results  which  led  to  the  same  conclusion,  and  a  short 
notice  of  this  part  of  the  research  appeared  in  the  account  of  the  commiini- 
cations  made  to  the  International  Phj'siological  Congress  at  the  Heidelberg 
meeting'.  I  have  since  extended  the  method  to  the  heart  of  the  rabbit, 
and  the  results  thus  obtained  form  the  chief  i>art  of  the  present  paper,  but 
it  seemed  desirable  also  to  place  on  record  the  main  features  of  the  records 
furnished  bj-  the  tortoise  heart,  more  especiallj-  as  the  studj'  of  these  records, 
whilst  corroborating  in  their  general  character  those  referred  to  above  as 
to  the  contraction  of  the  frog's  ventricle,  raises  several  points  of  interest  which 
bear  upon  the  more  complex  conditions  of  the  mammahan  ventricle. 


The  tortoise  heaet. 

The  investigation  of  the  contraction  of  the  ventricle  of  the  tortoise  heart 
by  means  of  capillary  electrometer  records  was  first  made  by  Burdon- 
Sanderson  and  Page"  in  1883  ;  the  results  showed  that  the  excitatorj-  change, 
when  evoked  by  an  artificial  stimulus,  was  propagated  from  any  point  of 
excitation  over  the  muscular  fibres  of  the  ventricle.  Thus,  ^\ith  two  contacts 
upon  the  ventricular  surface,  one  near  and  one  more  distant  from  the  seat 
of  excitation,  records  were  obtained  of  the  following  character  ;  the  proximal 
or  near  contact  was  the  seat  of  a  sudden  electromotive  change  rapidly  cut 
short,  and  thus  giving,  as  a  record,  a  spike  or  initial  effect,  this  was  succeeded 
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by  an  iso-electrical  period  terminating  in  a  marked  but  less  rapid  electro- 
motive change  of  oi52iosite  sign  to  the  initial  one.  It  is  well  known  that 
this  is  the  character  of  the  so-called  dijihasic  total  effect.  An  effect  of  this 
type  signifies  (1)  the  development  of  activity  with  its  associated  electro- 
motive change  under  the  proximal  contact,  whilst  the  rest  of  the  tissue  is 
quiescent,  thus  causing  the  abrupt  initial  displacement  of  the  electrometer 
meniscus  ;  (2)  the  development  of  similar  activity  iinder  the  distal  contact 
when  the  active  state  has  by  propagation  reached  this  part  of  the  ventricular 
substance,  thus  ecpialising  the  whole  electromotive  difference  between  the 
two  contacts  and  bringing  back  the  displaced  meniscus,  so  that  the  record  of 
(1)  with  (2)  is  a  spike  ;  (3)  a  period  during  which  the  tissue  under  both  con- 
tacts is  in  a  prolonged  state  of  similar  activity,  and  the  contacts  are  thus 
equipotential  as  regards  electromotive  condition  ;  (4)  the  subsidence  of  the 
activity  at  the  contact  under  which  it  first  began  whilst  the  tissue  under 
the  more  distant  contact,  having  passed  into  activity  later,  still  remains  in  the 
active  state,  thus  causing  again  an  electromotive  difference  which  must  bo 
relatively  of  opposite  sign  to  the  initial  effect.  Dijihasic  records  similar 
to  the  above  Mere  obtained  by  Burdon-Sanderson  in  the  excised  tortoise 
heart  whilst  beating  normally,  the  contacts  in  this  case  being  at  the  base 
of  the  ventricle  and  at  the  apex  respectively.  Hence  the  ^^ave  of  activity 
in  the  tortoise  heart  during  the  natural  beat  has  been  generally  described 
as  commencing  at  the  base  and  passing  along  the  heart  substance  to  the 
apex. 

It  appears  probable  from  the  records  now  to  be  described  that  the  natural 
course  of  the  propagated  activity  in  the  tortoise  ventricle  is  of  a  more  complex 
character.  It  probably  follows  a  number  of  routes,  but  all  these  seem  to 
have  one  element  in  common  ;  they  all  start  from  the  part  of  the  ventricle 
base  which  is  in  structural  connection  with  the  two  auricles,  and  all  terminate, 
after  proceeding  towards  or  to  the  apex,  in  a  part  of  the  base  which  is  in 
structural  connection  with  the  issuing  aorta. 

The  experimental  data  on  which  this  conclusion  is  based  are  derived 
from  the  study  of  the  electromotive  potential  differences  observed  A\hen  two 
contacts  are  jilaced  on  various  points  of  the  surface  of  the  ventricle  beating 
in  situ  and  not  excised.  The  potential  differences  are  themselves  inferred 
from  the  photographed  records  of  the  movements  of  the  mercurial  meniscus 
of  a  highly  sensitive  capillary  electrometer,  the  image  of  which,  appropriately 
magnified,  is  projected  upon  the  surface  of  a  photogra^^hic  plate  travelling  at 
a  uniform  and  kno^^■n  rate. 

In  order  that  the  heart  should  be  as  little  disturbed  as  possible  the 
preparation  was  made  in  the  following  manner. 

The  brain  of  the  tortoise  (Tcstudo  grceca)  having  been  destroyed,  the 
ventral  carapace  was  perforated  by  means  of  a  large  trephine  or  otherwise, 
and  the  opening  then  suitably  enlarged  so  as  to  exjijose  the  heart  in  situ. 
All  bleeding  points  were,  as  far  as  possible,  plugged  or  ligatured  ;  the  peri- 
cardium  was   carefully    opened    and   the    contacts    then    made    vith    the 
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electrometer  by  means  of  special  nonjjolarisable  electrodes  carrying  long 
flexible  threads  the  ends  of  which  could  be  placed  on  any  desired  point  of 
the  cardiac  surface.  In  order  to  reach  the  edges  and  dorsal  part  of  the 
ventricle,  the  apex  was  carefully  lifted  and  held  up.  It  was  ascertained  by 
observation  that  the  circulation  w  as  still  going  on  fairly  well,  the  heart  filling 
with  blood  at  each  diastole. 


Contacts  upon  entrance  of  veins  into  auricle  and  upon  the  ventricle  apex 
respectively. 

By  this  arrangement  both  the  auricular  and  ventricular  masses  lie 
between  the  two  contacts  so  that  the  activities  of  both  chambers  can 
affect  the  recording  instrument.  An  example  of  the  records  of  the  electro- 
meter movements  is  shown  in  Fig.  1.  The  curve  is  to  be  read  from  left  to 
right,  and  the  time  tracing  above  the  record  indicates  5  sec.  for  each 
full  vibration ;  this  holds  good  for  all  the  figures  given  in  the  present 
paper. 


Fig.  1.  Electrometei'  record  with  the  contacts  upon  the  sinus  and  the  ventricle  ajiex 
respectively.  Upward  movement  signifies  relative  negatixity  of  the  sinus  contact  (tortoise 
heart).     One  beat  onlj'  is  shown  in  the  record. 


It  will  be  observed  that  there  are  two  sets  of  dijjhasic  effects,  one 
preceding  the  other  above  the  base  Hnes  marked  respectively  A  and  V. 
The  first  (above  the  line  A)  is  the  total  auricular  change  between  the  con- 
tacts, the  second  (above  the  line  V)  is  the  ventricular  change. 
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Several  points  are  significant  in  this  and  similar  records.  In  the  first 
place  it  appears  that  with  this  disposition  of  contacts,  the  whole  ventricular 
mass  when  quiescent  forms  an  indifferent  conductor  to  the  active  auricle, 
whilst  the  auricle  in  its  turn  when  cjuiescent  forms  an  indifferent  conductor 
to  the  base  of  the  active  ventricle. 

In  the  second  place  the  strictly  diphasic  character  of  the  auricular  effect 
shows  that  the  activity  commencing  near  the  veins  is  propagated  to  the 
auriculo-ventricular  groove,  whilst  the  strictly  diphasic  character  of  the 
ventricular  effect  shows  that  the  ventricular  activity  is  propagated  from  the 
groove  to  the  apex  after  the  auricular  propagation  has  ceased.  In  the  third 
place  such  a  record  furnishes  data  for  the  estimation  of  the  rate  of  pro- 
pagation in  the  auricular  and  ventricular  substance  respectively.  The  time 
interval  between  the  commencement  and  the  summit  of  the  first  small 
spike  must  represent  the  time  elapsing  between  the  commencement  of  the 
auricular  activity  near  the  veins  and  its  arrival  at  the  auriculo-ventricular 
groove.  This  time  in  the  record  shown  amounted  to  008  sec,  and  since  the 
measured  length  of  the  tissue  was  1  cm.,  the  rate  of  propagation  would  be 
120  mm.  in  1  sec..  On  the  other  hand  the  time  interval  between  the  com- 
mencement and  the  summit  of  the  large  ventricular  spike  represents  the  time 
elapsing  between  the  commencement  of  the  ventricular  base  activity  and  the 
occurrence  of  such  activity  beneath  the  apex  contact.  This  time  is  0-35  sec, 
and  since  the  measured  length  of  intervening  ventricular  tissue  was  in  this 
case  3  cm.,  the  rate  of  propagation  was  90  mm.  in  1  sec.  In  the  particular 
instance  shown  the  temperature  was  12°  C,  the  rate  being  much  accelerated 
by  rise  and  slowed  by  fall  of  temperature.  Records  obtained  in  a  similar  way 
from  other  specimens  gave  very  similar  results,  the  auricular  propagation 
rate  varying  between  110  and  140  mm.  per  second,  the  ventricular  pro- 
pagation rate  between  75  and  100  mm.  per  second.  It  would  seem,  therefore, 
that  in  the  tortoise  heart,  although  the  propagation  is  of  the  same  general 
order  in  both  muscular  substances,  it  is  cpiicker  in  the  auricular  than  in  the 
ventricular  muscle. 

Finall}',  as  regards  the  total  time  of  the  electrical  resj^onses,  the  curves 
need  appropriate  analysis,  but  this  much  may  be  inferred  from  the  particular 
record  shown  in  Fig.  1  ;  the  auricular  total  efifect  lasts  about  1  sec,  whilst 
the  total  ventricular  effect,  including  both  base  and  apex,  lasts  3i  sec. 


Coniuds  on  ventricle,  viz.,  one  on  the  external  border  near  base,  the  other 
on  the  apex. 

With  this  disposition  of  contacts  records  were  obtained  which  are 
analogous  to  the  second  or  ventricular  part  of  that  just  shown  in  Fig.  2. 
An  example  is  displayed  in  Fig.  2.  It  is  obviously  a  strictly  diphasic  curve 
with  an  initial  tall  spike  followed  by  an  ecpiipotential  period  and  terminating 
in  a  phase  of  opposite  sign  to  the  initial  one.    It  thus  shows  that  the  wave  of 
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activity  with  its  associated  electromotive  state  (relative  negativitj^)  is 
propagated  beneath  the  contacts  from  the  base  to  the  apex  at  a  rate  of  the 
order  alrcadv  indicated. 


Fig.  2.     Electrometor  record  « ith  one  contact  on  the  lateral  border  of  the  ventricle,  and  the  other 
contact  on  the  apex  (tortoise  heart).     One  Ijeat  only  is  showii  in  the  record. 


Contacts  on  ventricle,  viz.,  one  lying  near  the  aorta,  the  other  on  the  apex. 

If  the  ventricle  apex  contact  is  kept  undisturbed,  but  the  base 
contact  is  shifted  so  that,  instead  of  merely  touching  the  external  border  of 
the  ventricle,  it  lies  along  a  large  portion  of  the  base  including  the  part 
from  which  the  aorta  springs,  then  the  whole  character  of  the  electrometer 
record  is  changed. 

It  is  now  of  the  type  shown  in  Fig.  3.  It  will  be  observed  that  com- 
mencing on  the  left  hand,  two  slight  downward  movements  are  seen  above 
the  Une  marked  A  ;  these  correspond  in  time  with  the  commencement  and 
end  of  the  auricular  contraction,  and  serve  to  show  its  presence  ;  their  inter- 
pretation is  complicated  and  needs  further  special  investigation.  This  is 
succeeded  by  a  large  ventricular  change  above  the  black  line  marked  V. 
The  curve  is  one  in  which  the  initial  rise  occurs  as  before,  but  instead  of  being 
brought  back  to  the  base  line  by  a  subsequent  sharp  fall,  it  is  only  partially 
brought  back  and  after  a  wavy  course  again  rises  as  a  terminal  phase,  the 
whole  then  subsiding  to  the  true  base  line.  The  complexity  of  this  curve 
indicates  that  the  whole  base  process,  whose  relative  negativity  during  the 
active  state  undoubtedly  causes  any  rise  in  the  record,  lasts  longer  than  the 
apex  process.  The  duration  of  the  apex  process  may  be  approximately 
realised  by  that  of  the  valley  in  the  curve  commencing  at  the  summit  of  the 
spike.    That  this  is  the  true  interpretation  of  the  curve  is  abundantly  shown 
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on  comparing  it  with  the  numerous  records,  described  by  Burdon-Sanderson 
and  others,  in  which  local  warming  of  the  apex,  and  thus  acceleration  of 
its  activity,  produces  curves  of  the  same  type. 


s 


V" 


Fig.   3.       Electioineter    record  obtained  from    the   tortoise  ventricle  beating   in    situ,  with   one 
contact  lying  across  the  base  so  as  to  touch  the  aortic  part,  the  other  on  the  ai)ex. 
Upward  movement  signifies  relative  negatixity  of  the  base  contact.      One    beat  only  is 
shown  on  the  record. 

The  curve  has  other  points  of  interest.  It  disphijs  features  which  are 
seen  in  records  obtained  from  the  mammalian  heart  which  will  be  referred 
to  later.  But  as  regards  its  main  characteristic,  namely  the  terminal  phase, 
a  peculiar  significance  lies  in  the  circumstance  that  it  is  the  normal 
record  of  the  heart  when  beating  in  situ  if  one  contact  is  extended  so  as 
to  embrace  a  large  part  of  the  auriculo-ventricular  groove,  whilst  the  other 
lies  on  the  apex  onl}'.  It  is  clear,  on  comi)aring  Fig.  3  with  Fig.  2,  that  the 
special  condition  of  the  base  which  causes  this  to  sho\\'  such  jjrolonged 
activity  maj'  be  related  to  that  portion  of  the  mass  of  muscular  substance 
situated  near  the  aorta. 

In  order  to  determine  this  the  base  contact  was  arranged  so  that  it  could 
be  carefully  shifted  along  the  groove  from  one  spot  to  another. 


Contacts  on  ventricle,  viz.,  one  touching  the  'jroove  at  various  definite  points, 
the  other  on  the  apex. 

(1)  If  the  base  contact  is  arranged  just  to  touch  the  border  of  the 
groove  as  far  as  possible  from  the  exit  of  the  aorta,  whilst  the  remaining 
contact  lies  on  the  apex,  then  the  records  all  have  the  character  shown  in 
Fig.  2,  that  is  simple  diphasic  effects,  or,  to  use  the  nomenclature  first  sug- 
gested by  Waller,  effects  of  the  Ijase  apex  (b,  a)  type. 
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(2)  If  the  base  contact  is  moved  along  the  groove  so  as  to  touch  a  part 
lying  nearer  to  the  exit  of  the  aorta,  whilst  the  remaining  contact  remains  as 
before  on  the  apex,  then  the  records  have  the  character  shown  in  Fig.  4.  This 
resembles  the  simpler  diphasic  curve  of  Fig.  2,  but  differs  from  it  in  one  sig- 
nificant jioint  sin?e  it  shows  a  final  rise  at  the  end  in  the  same  direction  as  the 
initial  one  or  spike.  It  is  clear  that  this  final  rise  must  be  the  residue  of 
activity  near  the  base  which  alone  can  cause  a  change  of  this  electrical  sign. 
Hence,  the  type  of  effect  is  now  base  apex  ba.se  (b,  a,  b). 
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Fig.  4.  Electrometer  record  when  two  contacts  are  placed  upon  the  ventricle  of  the  tortoise 
Ijeatins  in  situ,  one  of  these  being  on  the  base  about  half  way  between  the  exit  of  the  aorta 
and  the  lateral  border,  the  other  on  the  apex.  Upward  movement  signi6es  relative 
negatiWty  (actiWty)  near  the  base  contact.     Only  one  beat  is  shown  on  the  record. 

(3)  If  the  base  contact  is  shifted  so  as  to  lie  quite  close  to  the  part  of  the 
ventricle  from  which  the  aorta  springs,  whilst  the  other  contact  is  still  left 
upon  the  apex,  then  the  records  are  similar  in  character  to  that  shown  in 
Fig.  3,  i.e.,  of  the  type  (b,  a,  b),  the  final  base  effect  being  accentuated. 

It  appears  to  follow  from  the  above  considerations  that  the  ventricular 
base  is  the  seat  of  two  active  changes  whieli  occur  at  two  different  periods  of 
time,  one  immediate,  the  other  delayed,  and  that  whilst  the  immediate  active 
effect  is  alone  present  in  such  base  tissue  of  the  groove  as  borders  on  the 
auricles,  the  delaved  active  effect  is  present  in  the  ventricular  tissue  leading 
to  the  aorta. 

The  active  process  thus  aj^pears  to  pass  as  a  wave  from  the  auriculo- 
ventricular  junction  along  the  ventricular  substance  towards  the  apex,  but 
returns  to  the  neighbourhood  of  the  aorta,  the  last  part  of  the  ventricle  to 
commence  contracting  being  that  which  lies  near  the  exit  of  the  aorta.  Thus, 
the  ventricle  still  bears  the  impress  of  its  embryonic  tubular  formation. 


242 


FRANCIS    GOTCH. 


Both  contacts  on  the  ventricular  base,  one  on  the  free  border,  the  other  near  the 

aortic  exit. 

If  the  view  just  enunciated  is  correct,  it  ought  to  follow  that  when  one 
contact  is  placed  on  the  base  far  from  the  aorta  (the  lateral  border),  and  the 
other  on  the  base  close  to  the  aorta,  some  of  the  records  should  show  a 
succession  of  events  of  the  diphasic  type,  for  the  base  contraction  in  these 
two  regions  cannot  be  simultaneous.  The  base  border  contact  should  show 
initial  relative  negativity  since  this  is  in  complete  connection  with  the  seat  of 
the  immediate  activit}'  ;  this  would  then  be  cut  short  \\hen  the  dela3-ed 
activity  around  the  spring  of  the  aorta  occurred,  and  since  such  delayed 
activit}^  must  outlast  the  earlier  immediate  activity,  there  should  be  a 
terminal  jihase  of  opposite  sign  to  the  initial  one.  The  records  are  likely  to  be 
complicated  by  the  contraction  of  adjoining  and  intervening  parts,  but  it  was 


Fig.  5.  Electrometer  record  from  the  tortoise  ventricle  beating  in  situ,  when  one  contact  was 
placed  on  the  lateral  border  of  the  ventricle,  the  other  on  the  ventricle  close  below  the  exit 
of  the  aorta.  Vpward  movement  signifies  relati\e  negativity  (activity)  of  the  tissue  under 
the  border  contact.  Two  beats  are  shown  on  the  record,  each  occupying  the  time  from  left 
to  right  indicated  by  the  black  line  marked  V. 


to  be  expected  that  a  considerable  proportion  would  give  clear  evidence  of 
uncomplicated  diphasic  changes.  If  records  of  such  diphasic  effects  can  be 
obtained  under  these  circumstances,  then  strong  support  is  afforded  for  the 
view  that  the  aortic  base  tissue  does  not  pass  into  activity  until  some  little 
time  after  the  rest  of  the  ventricle  has  begun  to  contract.  This  was  borne  out 
b}^  the  actual  records  for  a  large  proportion  of  these  were  of  the  type  shown  in 
Fig.  5,  ijarticularly  when  the  border  contact  was  on  the  right  side  of  the 
ventricle  as  far  as  possible  from  the  spring  of  the  aorta. 
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Each  of  the  two  curves  read  from  left  to  right  disphxys  during  the 
ventricular  activity,  indicated  by  the  black  lines  marked  V,  first  a  rise  cut 
short  by  a  fall,  and  at  the  end  a  movement  in  the  opposite  direction  to  the 
initial  rise,  in  short  a  true  diphasic  effect.  It  made  no  difference  as  regards 
the  essential  character  where  the  first  base  contact  was  placed  as  long  as  it 
was  near  the  groove,  and  the  second  near  the  base  of  the  aorta.  On  the 
other  hand  if  the  first  contact  was  shifted  towards  the  apex  most  com- 
plicated records  were  obtained  as,  indeed,  might  be  expected  from  the 
number  of  open  routes  for  propagation  which  exist  across  the  heart 
substance.  These  records  need  careful  analysis  before  any  definite  con- 
clusions can  be  drawn  as  to  such  cross  routes. 


Contacts  on  the  u'hole  of  the  base,  including  the  aorta,  and  on  the  apex  after 
getting  uj)  intracardiac  pressure. 

The  physiological  meaning  of  the  delayed  base  activity  in  the  region  of 
the  aorta  seems  sufficiently  obvious.  It  is  the  final  act  of  the  ventricle,  and  is 
related  to  the  development  of  the  heart  as  a  tube  ;  moreover,  it  is  of  funda- 
mental importance  as  the  final  expulsive  power  in  such  ventricular  tissue  as 
surrounds  the  cavity  leading  into  the  aortic  exit.  In  the  frog's  ventricle 
this  part  has  its  activity  accentuated  by  rise  of  aortic  blood  pressure,  and  it 
was  to  be  expected  that  a  similar  accentuation  might  be  found  in  the  tortoise. 
By  various  procedures,  of  which  constricting  the  aorta  seemed  the  most 
suitable,  the  pressure  of  blood  in  the  aorta  near  the  heart  was  raised,  and 
records  taken  of  the  ventricular  activity  under  these  conditions.  As  a  rule 
the  contacts  «ere  jilaced  one  across  the  whole  base,  and  the  other  on  the 
apex.    An  example  of  the  type  of  record  now  obtained  is  shown  in  Fig.  6. 
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Fig.  6.  Electrometer  record  obtained  from  the  tortoise  ventricle  beating  in  situ,  when  one 
contact  was  placed  across  the  base  including  the  aortic  exit,  the  other  on  the  apex.  The 
intracardiac  pressure  was  raised  by  constricting  the  aorta,  thus  distending  the  ventricle.  Two 
beats  are  shown  on  the  record  at  the  times  indicated  by  the  dark  lines. 
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In  the  above  record  the  changes  are  obviously  modified.  They  comprise 
tlie  following  events  during  ventricular  contraction,  the  duration  of  which 
is  shown  by  the  line  marked  V.  The  initial  change  is  an  extremely  sharp 
rise  cut  short  in  003  sec.  by  a  change  in  the  opposite  direction,  this  being 
itself  cut  short  after  003  sec.  by  a  change  in  the  same  direction  as  the 
initial  one,  the  whole  then  remains  balanced,  indicating  that  all  parts  are  in 
equal  activity,  until  graduallv  a  conspicuous  rise  in  the  curve  occurs  which 
constitutes  the  terminal  effect.  There  is  thus  a  double  sj^ike,  a  brief  one 
up  and  a  second  brief  one  down — and  this  may  be  interjareted  as  meaning 
accelerated  propagation  from  base  to  apex,  and  from  apex  back  to  aortic 
base.  The  rate  of  proi^agation  would,  if  this  interpretation  is  correct, 
appear  to  be  of  quite  a  different  order  to  that  indicated  in  the  foregoing 
records  amounting  to  about  3  metres  per  second,  whether  the  propagation 
is  from  base  towards  apex  or  back  towards  the  aortic  base.  As  a  result 
of  the  rapid  propagation,  and  thus  the  rapid  succession  of  events,  the 
initial  changes  are  small  as  regards  actual  electrometer  displacement 
although  of  such  steepness  as  to  show  considerable  electromotive  potential 
difference.  The  conspicuous  terminal  rise  indicates  that,  whilst  all  parts 
of  the  ventricle  share  in  the  general  increase  of  activitj',  the  aortic  part  is 
particularly  affected,  being  now  of  a  much  more  prolonged  character,  and 
thus  ])roducing  a  terminal  rise  indicative  of  base  negativity  (i.e.,  activity) 
which  finall}'  overjDowers  the  activity  of  all  other  parts  ;  thus  the  type 
is  markedly  b,  a,  b. 

A  sjiecial  feature  of  a  record  such  as  that  in  Fig.  6  is  its  general  resem- 
blance to  many  records  of  the  heart  in  man.  It  thus  seems  extremely  improb- 
able that  such  characters  of  human  electrocardiograms  as  are  also  prominent 
in  these  tortoise  heart  records  can  be  in  anj^  way  associated  with  the  existence 
in  the  mammal  of  two  ventricles,  even  though  the  activities  of  these  may  not 
be  strictly  contemporaneous.  In  this  connection  it  may  be  remarked  that  the 
same  degree  of  resemblance  in  the  electrometer  records  exists  between  those 
obtained  from  the  ventricle  of  the  heart  in  situ  of  both  the  tortoise  and  the 
frog  on  the  one  hand,  and  those  obtained  from  such  mammals  as  the  rabbit 
on  the  other  ;  this  will  be  evident  when  the  latter  class  of  records  have  been 
exemplified  and  described. 


The  rabbit's  heart. 

The  electromotive  changes  in  the  mammalian  heart  during  activity 
have  been  investigated  in  situ  by  a  large  number  of  observers,  the  instrument 
chiefly  used  for  the  purpose  being  the  string  galvanometer.  Yet,  as  far  as 
I  am  aware,  the  particular  feature  brought  out  in  the  present  series  of 
records  has  not  been  dealt  with  from  the  present  point  of  view.  This 
point  of  view  is  one  «  hich  localises  at  the  aorta  the  presence  to  an  accentuated 
degree  of  a  ventricular  terminal    phase  by  showing  that  there  is  always 
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delayed  ventricular  activity  around  the  exit  of  the  aorta  (or  the  pulmonary 
artery). 

Iia  order  to  ascertain  the  normal  succession  of  electrical  events  and 
localise  the  seat  of  the  activities,  of  which  these  events  are  the  signs,  it 
appeared  essential  that  the  heart  should  be  exposed  so  that  the  position  of 
the  contacts  upon  its  surface  could  be  accurately  determined.  As  far  as  I 
can  ascertain  the  first  investigation  of  this  character  upon  the  exposed 
mammalian  heart  beating  in  situ  was  carried  out  by  Baj'liss  and  Starling'. 

Using  the  capillary  electrometer  on  the  exposed  heart  of  the  cat  and 
dog,  these  observers  found  that  many  records  showed  peculiar  varieties 
inasmuch  as  the  base  effect  outlasted  the  apex  effect.  They  were  inclined 
to  attribute  this  to  the  parts  being  unecjually  cooled  by  the  air  entering 
tlie  lungs  or  to  the  apex  being  more  warmed  than  the  base  owing  to  its 
proximity  to  the  liver,  but  the  foregoing  observations  on  the  tortoise,  together 
with  those  jjreviously  published  on  the  frog,  show  that  similar  varieties  can 
be  observed  in  cold-blooded  animals,  hence  this  exi^lanation  is  rendered  most 
improbable.  It  appears  now  that  the  phenomenon  is  characteristic  of  the 
activity  of  the  vertebrate  heart  when  appropriately  examined  in  situ. 


The  method  of  experiment. 

All  the  records  were  obtained  from  the  rabbit  ana'sthetised  by  the 
introduction  of  chloral  hydrate  (1  grm.  per  kilo  of  body  weight)  into  the 
alimentary  canal.  Artificial  respiration  was  employed  by  a  tracheal  tube, 
and  the  thorax  then  opened  by  dividing  the  ribs,  care  being  taken  to  stop  all 
l)leeding  points  ;  with  this  object  ligatures  were  passed  around  the  sternum 
before  this  Mas  divided  and  partially  excised.  In  the  earlier  experiments 
the  pericardium  was  freely  opened  immediately,  but  in  later  ones  it  A\as 
opened  when  and  where  it  was  found  necessary  for  the  introduction  of  the 
electrode  contacts.  The  electrodes  consisted  of  a  slight  modification  of  the 
usual  nonpolarisable  form  ;  each  carried  a  long  bundle  of  threads  plastered 
with  kaolin  and  kept  moist  by  sahne,  this  was  dra\\n  through  a  very  flexible 
fine  india  rubber  tube,  6  to  8  cm.  long,  which  was  lightly  held  in  a  sjjecial 
adjustable  stand.  It  was  ascertained  that  by  means  of  these  flexible  tube 
electrodes  a  contact  could  be  made  with  the  deeper  parts  of  the  heart  without 
any  risk  of  disturbance  of  an  electromotive  character  due  to  the  artificial 
respiration  moving  the  neighbouring  lungs  ;  moreover,  the  extreme  flexibility 
of  the  tubes  allowed  these  to  sway  with  the  movements  of  the  lungs,  etc., 
without  displacing  the  little  brush  of  saline  threads  j^rojecting  from  the  end 
of  each  tube  from  the  heart  surface  ;  these  latter  remained  attached  to  the 
point  on  the  heart  to  which  they  had  been  applied  all  through  such  move- 
ments. This  form  of  electrode  proved  of  great  service  and  permitted  an 
exploration  of  the  heart  to  be  conducted  through  a  comparatively  small 
opening  in  the  thorax. 
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The  contacts  \\cre  connected  to  the  sensitive  and  rapidly  moving  elec- 
trometer used  by  me  for  other  experiments,  and  described  in  previous 
published  pajiers,  in  the  Oxford  Laboratory  ;  the  mercurial  meniscus  was,  as 
in  all  these  experiments,  suitably  magnified  and  its  movements  photographed 
by  projection  upon  a  photographic  plate  travelling  at  a  suitable  rate. 

In  all  cases  the  positions  of  the  contacts  were  carefully  noted  and,  if 
necessary,  verified  by  subsequent  examination. 


Contacts  on  the  base  near  the  groove  and  on  the  apex  of  the  ventricle. 

(1)  Bight  side. — With  one  contact  on  the  right  base  near  the  groove, 
and  the  other  on  the  apex,  the  records  obtained  were  of  the  character  shown 
in  Fig.  7. 


Fig.  7.  Electrometer  record  from  a  rabbit's  heart  exposed  and  beating  in  situ.  Animal  mider 
chloral  hydi"ato  with  artificial  respiration.  Contacts,  one  on  the  right  base,  the  other  on 
the  right  apex.  Eight  full  beats  are  shown  on  the  record.  The  con\mencement  of  the  beat 
is  on  the  left  hand  edge  of  the  dark  line,  the  beat  duration  is  indicated  by  the  length  of  the 
dark  line.  Vpward  movement  signifies  relative  ncgati\'ity  (activity)  of  the  part  at  or  near  the 
base  contact. 


The  record  embraces  eight  ventricular  contractions  occurring  in  about 
2  sec.,  the  rate  of  beat  was  thus  about  240  per  minute.  Each  electrical 
change  during  activity  (above  the  black  line  marked  V)  consists  of  (1)  a 
sharp  rise,  indicating  relative  negativity  (activity)  of  the  base ;  (2)  an  equally 
sharp  fall  indicating  the  occurrence  of  such  relative  negativity  (activity)  at 
the  apex  ;  (3)  a  slower  but  prominent  rise  indicating  an  accentuation  or 
a  new  development  of  relative  negativity  (activitv^)  of  the  base  ;  (4)  a  more 
rapid  fall  which  returns  first  slowly  then  c^uickly  until  the  next  repetition 
of  (1).  The  record  thus  is  of  a  cjuadriphasic  type,  base,  apex,  base,  apex 
(b,  a,  b,  a). 
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The  time  between  the  commencement  and  the  summit  of  the  sharp  rise, 
constituting  the  first  event,  is  presumably  that  which  intervenes  between  the 
commencement  of  the  activity  at  the  base  and  the  commencement  of  such 
activity  at  the  ajaex,  it  is  thus  the  time  of  transmission  of  the  active  state 
from  the  base  to  the  apex.  In  this  record  it  amounts  to  a  httle  less  than 
0-01  sec,  and  since  the  distance  between  the  contacts  was  15  mm.  the  rate 
of  transmission  was  from  H  to  2  metres  per  second. 

In  other  records  rates  varying  between  1  and  3  metres  per  second 
were  indicated,  the  former  with  hearts  beating  slower  at  150  to  180  per  minute, 
the  latter  with  hearts  beating  faster  at  300  per  minute. 

When  the  heart  was  beating  at  a  cj[uite  slow  rate  for  the  rabbit,  60  to  80 
per  minute,  the  rate  of  transmission  indicated  by  the  record  was,  in  some 
instances,  only  \  metre  per  second. 

The  above  characteristic  quadriphasic  effect,  with  its  pronounced  second 
accentuation  of  base  negativity  overpowered  finally  by  apex  negativity, 
indicates  that  whilst  the  whole  electromotive  change  at  the  base  has  a 
marked  accentuation,  coming  on  after  the  apex  effect  has  begun,  yet  the  total 
change  at  the  apex  outlasts  that  of  the  base.  It  has  been  suggested  that 
there  must  be  peculiarities  in  the  character  of  the  electrocardiograms 
obtained  from  the  mammalian  heart  o\\ing  to  the  two  chambered  ventricle. 
It,  therefore,  seemed  advisable  to  dui)licate  all  records  by  arranging  the 
contacts  in  similar  relative  positions  on  the  two  sides  of  the  heart.  The  record 
just  referred  to  was  one  of  such  comparison  records  and  is  to  be  compared 
with  that  to  be  now  described. 

(2)  Left  side. — In  order  to  get  at  the  left  side  the  flexible  tubes  were 
pushed  down  into  aj^iiroi^riate  positions.  The  heart  was  beating  very 
vigorously,  as  is  shown  by  its  frequency,  and  the  records  were  of  the  character 
displayed  in  Fig.  8. 


A 


^v-vvi/v 


Fig.  8.  Electrometer  record  similar  to  that  of  Fig.  7,  but  obtained  by  contacts  placed  on  the 
left  base  and  the  left  apex  of  the  same  animal.  Ten  beats  are  shown  on  the  record.  The 
black  line  marked  ^'  indicates  the  duration  of  a  ventricular  contraction. 
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The  record  comprises  ten  completed  ventricular  contractions  in  2  sec, 
giving  a  rate  of  beat  of  about  300  per  minute.  Each  beat  is  associated 
with  the  following  electromotive  changes  (1)  A  sharp  rise  ;  (2)  A  con- 
spicuous and  rajjid  fall ;  (3)  A  second  more  prolonged  rise  ;  (4)  A  second 
more  prolonged  fall  returning  at  the  end  of  the  activitj^.  It  thus  shows  like 
the  right  ventricle  an  effect  of  the  base,  apex,  base,  apex,  or  quadriiihasic 
type  (b,  a,  b,  a).  There  are  some  differences  between  this  and  the  right 
ventricle  record.  In  the  first  place  the  whole  effect  is  smaller,  but  since  the 
deep  tissues,  lungs,  etc.,  surround  the  deej)  left  side  of  the  heart  far  more 
than  the  more  sujjcrficial  right  side,  this  is,  in  all  probabihty,  simply  due 
to  short  circuiting.  A  more  important  feature  generally  found  in  my 
records  of  the  left  side  is  the  accentuation  of  the  sharj)  do^^n^\•ard  move- 
ment, i.e.,  the  second  event.  This  movement,  being  interpreted  as  the  sign 
of  development  of  activity  under  the  left  apex  contact,  indicates  by  its  extent 
that  the  ratio  of  apex  activity  to  base  activity  is  greater  on  the  left  than 
on  the  right  side.  It  is  significant  that  neither  in  these  nor  in  any  of  m} 
records  is  there  any  indication  of  a  downward  movement  preceding  the 
sharp  rise  of  the  spike  ;  such  preceding  downward  movements  onlj'  occur 
in  my  experience  when  the  base  contact  is  so  near  the  groove  as  to  be 
affected  by  the  preceding  activity  of  the  auricle,  or  where  the  whole  heart 
lies  bet\\  een  the  contacts. 


Same  contacts,  the  heart  beating  more  feebly. 

In  most  exjjeriments  the  force  of  the  heart  beat  became  gradually 
weakened  in  the  course  of  a  prolonged  investigation,  and,  as  this  weakening 
progressed,  alterations  were  alwa^'s  observed  in  the  character  of  the  records. 
The  characteristic  feature  of  these  alterations  was  found  to  be  a  diminution 


Fig.  9.  Electrometer  reeurd  li..in  a  iabl.it  s  li.-art  iuMtm.'  in  Mtu.  "ilh  one  contact  on  the 
left  base,  the  oflier  on  the  left  apex.  The  heart  is  beginning  to  beat  slowl\-,  170  per  minute 
instead  of  240.  Fi\e  complete  beats  are  sliown  on  the  record.  The  duration  of  a  ventricular 
contraction  is  sliown  bv  the  black  line  marked  V. 
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in  the  amount  of  the  third  event,  in  short  the  delayed  or  second  base  activity 
becomes  less  conspicuous  and  as  a  result  the  fourth  event  becomes  much 
more  marked.     Examples  are  given  in  Figs.  9  and  10. 

The  record  in  Fig.  9  comprises  five  to  six  successive  beats  with  their 
associated  electromotive  changes  ;  the  rate  of  beat  is  slowed  to  170  per 
minute.  The  record  was  taken  from  the  left  side  of  the  heart,  but  the  right 
side  gave  records  of  similar  character. 

The  movements  of  the  mercurial  meniscus  during  each  beat  are  of  the 
following  character  if  read  from  left  to  right  above  the  black  line  marked  V  ; 
(1)  sudden  rise,  base  activity  ;   (2)  sudden  more  extensive  fall,  a2:)ex  activity  ; 

(3)  a  diminished  but  distinct  second  rise,  indicating  further  base  activity  ; 

(4)  a  pronounced  fall  from  which  return  is  at  first  more  rapid  then  slow.  It 
thus  appears  that  the  apex  activity  is  now,  as  a  whole,  much  more  prominent 
than  the  base  activity,  but  that  there  is  still  a  second  base  effect  \\hich, 
occurring  after  the  apex  activity  has  commenced,  has  subsided  before  such 
activity  is  completed ;  hence  the  riuadriphasic  type,  base,  apex,  base,  apex, 
is  now  very  plain. 


Fig.  10.     Ciirvo  from  a  rabljit's  heart  with  tlie  same  contacts  a.s  in  Fi^ 
rate  of  heat  (140  per  luimite). 


'.),  Imt  with  a  still  slower 


As  the  heart  beats  subside  in  force  this  diminution  in  the  third  event 
becomes  more  and  more  marked  so  that  records  occur  in  which  its  effect  is 
barely  perceptible.  An  example  of  this  is  given  in  Fig.  10  taken  from  the 
left  side  of  the  heart.  It  \\\\\  be  observed  that  each  beat  is  associated  with 
electrometer  movements  which,  read  from  left  to  right  above  the  black  line 
marked  V,  are  as  follows  : — (1)  small  upward  sharp  movement  (base  activity)  ; 
(2)  extensive  sudden  downward  movement  (ajiex  activity)  ;  (3)  slight  upward 
movement  soon  subsiding  ;  (4)  conspicuous  do^^  nward  terminal  movement 
returning  at  first  rapidly  then  slo«  Ij-. 

I  possess  a  very  large  number  of  records  of  this  character  ;  they  evidently 
tend  towards  the  diphasic  type,  and  it  is  obvious  that  if  event  (3)  were 
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altogether  removed,  the  successive  changes  would  be  (1)  base  acti\-ity 
followed  by  (2)  and  (4)  both  of  which  signify  apex  activity  (i.e.,  diphasic). 

With  the  base  contact  across  the  mass  of  the  ventricle,  although  my 
records  may  apj^roach  this  diphasic  type,  none  of  them  actually  attain 
that  character  some  indication  of  event  (3)  being  perceptible  in  all. 

Thus  in  the  record  given  in  Fig.  11,  taken  from  a  feebly  beating  heart, 
the  apex  (downward)  effect,  although  very  marked,  still  shows  the  presence 
of  a  slight  later  base  change  as  a  slight  upward  rise. 


Fig.  11.     Electrometer  record  from  a  feebly  beating  heart,  with  the  same  contacts  as  in'Figs 
9  and  10.     The  record  of  each  cardiac  cliange  approaches  the  dipheisic  (base,  apes)  type. 


Contacts,  one  near  the  border  of  the  right  ventricle,  the  other  on  the  apex. 

If,  in  the  strongly  beating  heart,  the  base  contact  is  shifted  towards  the 
border,  the  other  contact  remaining  on  the  apex,  it  very  often  happened  that 
the  record  A^as  like  that  obtained  from  the  feeblv  beating  heart.     That  is  to 


Fig.  12.  Electrometer  record  of  a  rabbit's  ventricle  (riglit  side)  irith  one  base  contact  towards 
the  border  of  the  ventricle,  the  otlier  on  tlio  ajiex.  Eight  beats  are  shown  on  tlie  record. 
Rate  240  per  minute.  The  black  line  marked  V  indicates  the  duration  of  contraction  in  one 
ca33.     Apex  (do^Tiward  movement)  is  predominant. 
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say,  of  the  successive  events  referred  to  above,  event  (3),  although  present, 
becomes  feeble,  whilst  events  (2)  and  (4),  apex  ones,  become,  therefore, 
conspicuous.  An  example  of  this  is  given  in  Fig.  12  which  may  be  compared 
with  Fig.  1 1 . 


Contacts,  one  on  the  border  of  the  ventricle,  the  other  on  the  apex. 

If  the  base  contact  is  still  further  shifted  so  as  to  lie  on  the  extreme 
lateral  border  of  the  ventricle  some  little  way  from  the  auriculo-ventricular 
groove,  whilst  the  other  contact  remains  on  the  apex,  records  of  a  strictly 
diphasic  type  were  very  frefpiently  obtained. 

In  Fig.  13  such  a  record  is  shown.  It  was  taken  from  the  right  side  of 
the  heart,  and  includes  the  changes  occurring  in  nine  successive  heart  beats. 
Their  character  is  shown  in  any  one  of  the  series.  On  reading  from  left  to 
right,  above  the  black  line  marked  V  (ventricular  contraction),  there  will 
be  seen  (I)  the  characteristic  sharp  upward  movement  indicating  the  relative 
negativity    (activitv)    of   the    muscular   substance    underneath    the    lateral 


Fig.  13.  Electrometer  record  from  the  Vight  ventricle  of  a  rabbit,  one  contact  on  the  lateral 
border  as  far  as  possible  from  the  aortic  attachment  but  near  the  base,  the  other  on  the 
apex.  Nme  beats  are  shown  on  the  record.  The  rate  of  beat  is  250  per  minute.  The 
commencement,  duration,  and  end  of  the  ventricular  contraction  is  indicated  by  the  black 
line  marked  V.  Upward  movement  indicates  relative  negativity  (activity)  of  the  border 
contact. 

border  of  the  ventricle  ;  (2)  the  sudden  downward  movement  (commencement 
of  apex  activity)  which  reaches  a  certain  point,  and  is  succeeded  by  (3)  a 
small  but  distinct  iso-electrical  i)eriod,the  meniscus  remaining  approximatelj' 
level  ;  (4)  a  large  sweeping  downward  movement  which  culminates  and 
returns  first  rapidly  then  more  slowly.  This  corresponds  in  general  character 
with  the  diphasic  effects  obtainable  from  the  ventricle  of  the  frog  and  the 
tortoise  with  similarly  placed  contacts.     It  indicates  the  occurrence  of  a 
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propagated  wave  of  activity  from  tbe  base  along  the  border  of  the  ventricle 
towards  the  apex,  uncomplicated  by  other  events  occurring  elsewhere  in  the 
ventricular  mass. 


Fig.  14.  Electrometer  record  luider  the  same  conditions  as  those  of  Fig.  13,  but  obtained  by 
contacts  on  the  lateral  border  and  ape.'c  of  the  left  ventricle.  The  rate  of  beat  is  250 
per  minute. 

In  Fig.  14  a  record  of  a  similar  uncomplicated  diphasic  type  is  shown, 
which  was  obtained  by  jilacing  the  contacts  on  the  lateral  border  and  apex 
of  the  left  ventricle.  The  only  difference  is  a  diminution  in  the  size  of  the 
electrometer  excursions  due,  as  previously  indicated,  to  the  surrounding 
tissues  short  circuiting  in  greater  degree  this  deeper  aspect  of  the  heart.  In 
both  cases  the  heart  was  beating  vigorouslj'  at  a  rate  of  250  per  minute. 


Contacts,  one  on  the  aortic  fart  of  the  base,  the  other  on  the  left  apex. 

A  great  contrast  to  the  preceding  records  is  furnished  by  those  obtained 
when  the  base  contact  is  jilaced  close  to  the  ventricular  mass  from  which 
the  aorta  springs.  In  Fig.  15  such  a  record  is  shown  comprising  seven  suc- 
cessive heart  beats,  all  of  similar  character.  The  black  line,  marked  V, 
indicates  ventricular  activity,  and  above  this  from  left  to  right  are  (1)  the  rise 
of  the  spike  (general  base  activity)  ;  (2)  its  sudden  considerable  fall  (apex 
activity)  ;  and  (3)  a  very  prominent  second  rise  (base  activity),  which  sub- 
sides at  first  rapidly  then  more  slowly  until  the  next  beat,  with  its  associated 
electrical  changes,  occurs.  This  is  the  triphasic  type  of  total  effect,  event  (4) 
of  the  succession  described  in  Figs.  S,  9,  etc.,  being  now  absent  or  masked 
by  the  great  accentuation  and  duration  of  its  predecessor,  event  (3).  It  is 
clear  that  the  later  development  of  the  base  activity  indicated  by  the  large 
rise  in  the  curve  is  so  prolonged  as  to  outlast  the  apex  activity  indicated 
by  the  sharp  fall  of  the  curve,  for  the  terminal  subsidence  is  now  merely  the 
return  of  the  displaced  mercurial  meniscus  as  event  (3)  passes  away. 
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This  is  still  more  strikingly  displayed  if,  by  slight  compression  of  the 
aorta,  the  resistance  to  the  exit  of  the  blood  is  increased  and  the  force  of  the 
heart  beats  is  thus  raised. 


Fie.  15.  Eloctroraoter  record  with  contacts  placed  one  on  the  base  close  to  the  aortic  exit,  the 
other  on  the  loft  apex.  Upward  movement  indicate.?  relative  negativity  (i.e.,  activity)  of  the 
base.  Six  beats  are  shown  on  the  record.  The  commencement,  duration,  and  end  of 
contraction  are  indicated  by  the  black  line  marked  V. 

In  Fig.  IG  is  the  record  of  a  series  of  electrical  effects  under  these  cir- 
cumstances. Beginning  with  the  small  uj^ward  sharp  spike  in  each  case,  and 
reading  from  left  to  right  over  each  black  line,  it  «ill  be  seen  that  the  second 
rise,  event  (3)  in  the  preceding  descriptions,  becomes  more  and  more  marked 
until,  in  the  third  beat  of  the  series,  the  spike  can  scarcely  be  detected  over  the 
appropriate  black  line  marked  underneath,  which  indicates  the  beat.  The 
spike  is,  however,  quite  plain  on  my  records  although  it  is  indistinct  in  the 
reproduction  of  the  record  given  in  Fig.  16.  Then  follows  an  effect  of  the 
quadriphasic  type,  with  slight  final  apex  or  downward  movement  at  its  end 
over  the  line  marked  with  a  cross  (X)-  This  is  succeeded  by  another  group 
of   triphasic  type  effects,  with  increasingly  conspicuous  second  rises  in  the 


Fig.  Hi.    Electrometer  record  of  a  beating  ventricle  with  one  contact  on  the  ba.se  near  tlie  aorta, 
the  other  on  the  left  apex.    Effect  of  increa,sed  intracardiac  tension  by  constricting  the  aorta. 
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two  first  instances  and  a  iirolonged  low  rise  in  the  third  preceded  by  a  sj^ilce, 
indistinct  in  the  reproduction  hut  quite  plain  in  the  actual  record. 

Similar  records,  though  not  so  marked,  were  obtained  from  the  right 
ventricle  when  the  base  contact  was  placed  on  the  part  from  which  the 
pulmonary  artery  springs. 


Fig.  17.  Electrometer  record  obtained  from  the  heart  of  a  rabbit  wMi  uno  uoutatt  around  the 
aorta  as  close  as  possible  to  the  heart,  the  other  on  the  left  apex.  Duration  of  contraction  is 
indicated  by  the  dark  line  marked  V.  Four  complete  beats  are  shomi  on  the  record.  The 
rate  of  boat  is  1 20  |ier  minute. 


Fig.   IS.    Similar  recorii  with  same  contacts  as  Fig.  17,  but  with  tlie  licart  beating  only  -10  times 

per  minute. 


AMien  all  these  results  are  compared  with  those  records  obtained 
from  the  frog  and  tortoise  heart  which  show  triphasic  effects  the  meaning 
of  the  phenomenon  forces  itself  upon  the  mind.  It  is  exjilained  by  the 
accei^tance  of  the  view  that  the  contraction  wave  of  the  ventricle  begins 
generally    over  the  base  somewhere    near   the  groove,  is   then  propagated 
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towards  the  apex,  and  returns  by  cross  routes  to  the  aortic  exit,  hence, 
this  i^art  is  the  last  to  develoi^  activity,  the  part  in  question  being  the 
portion  of  the  base  which  hes  near  the  aorta  on  the  left  side  and  the  pulmonary 
artery  on  the  right  side  ;  further,  it  would  appear  that  until  the  arrival  of  this 
return  wave  these  portions  remain  quiescent.  The  succession  of  electrical 
events  is  thus  the  sum  of  the  sequence  of  the  activities  in  three  situations, 
viz.,  base,  apex,  base.  These  activities  follow  one  another  in  rapid  succession, 
but  each  has  its  own  period  of  duration,  and  it  would  seem  that  sometimes 
the  second  activity,  apex,  contraction,  is  more  prolonged  than  the  others, 
causing  quadriphasic  records,  but  that  when  the  part  investigated  lies  very 
close  to  the  spring  of  the  issuing  aorta  or  the  pulmonary  artery,  then  the 
third  activity  is  overpowering  both  in  amount  and  duration.  Hence,  this 
third  activity  must  be  very  local  in  its  seat. 

In  order  to  test  the  validity  of  this  explanation  records  were  made 
under  two  special  conditions  as  regards  the  position  of  the  contacts. 

(1)  The  first  of  these  special  conditions  was  the  following :  One  contact 
was  so  arranged  that  it  embraced  the  aorta  near  its  emergence  from  the 
heart,  whilst  the  other  contact  lay  uf)on  the  left  apex.  In  order  to  secure  the 
isolation  of  the  loojiing  threads  which  formed  the  aortic  contact,  strips  of 
fine  sheet  India  rubber  were  employed.  The  necessary  manipulation  involved 
considerable  exposure  and  some  displacement  of  the  parts,  so  that  as  a  rule 
the  heart  was  obviously  affected  and  the  beats  were  distinctly  slowed.  It 
would  not,  therefore,  have  been  surprising  if  the  presumed  aortic  base 
effect  had  been  found  to  be  comparatively  inconspicuous,  but,  as  a  matter 
of  fact,  in  these  records  it  was  extraordinarily  marked,  and  remained  so  even 
when  the  beats  were  quite  slow,  the  rate  of  beat  being  reduced  in  one 
instance  to  40  per  minute.  In  Figs.  17  and  IS  examples  are  given  of  the 
records  obtained  under  these  circumstances. 

It  will  be  observed  that  in  both  the  above  records  (Figs.  17  and  18)  each 
heart  beat,  read  from  left  to  right,  is  associated  with  electromotive  changes 
causing  in  the  record,  (1)  the  sharp  small  rise  (base  activity)  ;  (2)  the 
pronounced  sharp  fall  (apex  activity)  ;  and  (3)  a  very  marked  long  rise 
subsiding  slowly.  This  is  even  more  marked  in  the  heart  beating  40  per 
minute  (Fig.  18)  than  in  that  beating  120  per  minute  (Fig.  17).  Thus,  event  (3) 
is  localised,  as  regards  the  left  side,  to  the  aortic  part  of  the  ventricle. 

(2)  The  second  of  the  special  conditions  was  based  upon  the  following 
considerations.  If  the  base  of  the  ventricle  somewhere  near  the  groove  is 
the  starting  point  of  the  general  ventricular  activity  whilst  that  near  the 
aorta  is  the  local  seat  of  an  activity,  delayed  because  it  is  the  point  which  the 
wave  of  activity  (however  propagated)  reaches  last  of  all,  then  this  should 
display  itself  when  two  contacts  are  placed  upon  the  ventricle  equidistant  from 
the  groove,  one  far  away  from  the  aorta,  the  other  near  the  aorta. 

Contacts  were,  therefore,  carefully  arranged  in  this  way  uj^on  prepara- 
tions which  were  solely  utilised  for  this  class  of  experiment.     The  records 
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obtained  differed  as  regards  their  fine  details  in  different  preparations,  but 
all  showed  iinmistakablj^  diphasic  types  of  effect,  the  part  away  from  the 
aorta  becoming  first  relatively  negative  to  that  near  the  aorta  and  then 
relatively  positive.  In  some  cases  the  results  were  strikingly  diphasic, 
an  cxamjile  of  which  is  shown  in  Fig.  10. 


Fig.  19.  Eleetronieter  record  obtained  from  the  ventricle  of  a  rabbit's  heart,  with  one  contact 
far  away  from  the  aorta  on  the  border  of  the  base,  tlie  otlier  close  to  the  root  of  the  aorta. 
Nine  beats  are  shown  on  the  record  The  rate  of  beat  is  240  )ier  minute.  Upward  movement 
indicates  relative  negativity  (acti\'ity)  under  the  border  contact.  The  dark  line  indicates 
ventricular  contraction. 

The  record  comprises  nine  beats,  the  heart  beating  240  times  per  minute. 
Each  beat,  marked  b}'  the  black  line,  shows  (1)  a  small  but  distinct  sharp  rise 
indicating  relative  negativity  (activity)  of  the  tissue  under  the  contact  away 
from  the  aorta,  (2)  its  return,  followed  by  a  short  period  of  ecpiipotential, 
(.3)  a  pronounced  descent  ^\hich  returns  and  is  followed  by  the  next  beat. 
The  pronounced  descent  is  relative  positivity  of  the  base  away  from  the 
aorta,  that  is,  negativity  (activity)  of  that  part  of  the  base  near  the  aorta. 
This  must  mean  (o)  that  the  activity  of  these  two  parts  does  not  commence 
simultaneously,  that  of  the  portion  near  the  aorta  being  always  delayed,  and 
[b)  that  the  change  under  the  portion  near  the  aorta  is  the  most  prolonged  of 
the  two  base  activities  and  remains  after  that  of  the  other  portion  of  the 
base  has  begun  to  relax. 

On  all  these  grounds  there  is  little  doubt  in  my  mind  of  the  truth  of  the 
remark  made  by  Xicolai  in  reference  to  the  terminal  negativity  of  the  base 
as  shown  in  typical  electrocardiograms  obtained  with  the  string  galvano- 
meter ;  "  Zum  Schlusse  Murd  dann  die  Basis  wieder  negativ  aber  das  liegt 
nicht  daran,  dass  dieser  Teil  dauernd  negativ  geblieben  ist,  wie  man  friiher 
angenommen  hat,  sondern  es  ist  der  Ausdruck  dafiir,  dass  die  Erregung 
\\ieder  zur  Herzbasis  aufgestiegen  ist'."  This  view  does  not  appear  to 
commend  itself  to  Kahn,  who  regards  the  evidence  as  "of  the  weakest'." 
But  the  additional  fact  now  brought  forward  indicates  the  point  in  the  base 
to  which  the  activity  returns  :  this  is,  according  to  the  foregoing  ejtperimental 
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results,  the  aortic  base,  which  is  the  seat  of  a  local  but  very  marked  activity, 
the  last  feature  of  the  ventricular  contraction. 


The  whole  heart. 

The  records,  here  described,  being  disiilacements  of  the  meniscus  of  tlie 
capillary  electrometer,  do  not  in  themseU^es  show  the  actual  amounts  of 
potential  difference  ;  for  this  they  need  appropriate  analysis,  but  such 
analysis  is,  in  the  present  instance,  difficult  to  achieve,  owing  to  the  steej^ness 
of  the  rise  and  fall  in  the  first  and  second  events.  Until  records  have  been 
taken  on  fast  travelling  plates  the  meaning  of  the  records  cannot,  therefore, 
be  fully  ascertained.  This  consideration,  however,  does  not  invalidate  the 
deductions  which  have  been  made  from  the  inspection  of  the  records  as  they 
stand,  since  experience  has  shown  the  extent  to  ^^•hich  such  records  may  be 
safely  utilised.  They  can  undoubtedly  be  used  for  deducing  such  a  thing  i|s 
the  change  of  sign  of  potential,  and  it  is  this  change  of  sign  which  forms  the 
more  essential  part  of  the  present  communication. 

Until  such  analytic  E.  M.  F.  curves  are  made  it  seems  inadvisable  to 
compare  in  any  great  detail  the  present  results  ■\\  ith  those  which  occur  in  the 
increasing  number  of  communications  on  the  subject  of  electrocardiograms 
It  is,  perhaps,  unnecessary  to  point  out  that  such  records  obtained  from  the 
base  and  apex  contacts,  as  those  shown  in  Figs.  7  and  8,  coincide  in  character 
with  others  obtained  by  the  use  of  the  electrometer,  notably  those  of 
Samojloff-,  whilst,  as  regards  the  numerous  electrocardiograms  obtained  \\ith 
the  string  galvanometer,  there  is  a  general  similarity  between  the  two 
classes  of  records.  In  electrocardiograms  with  the  ^^■hole  heart  interposed, 
arm  and  leg  contacts  for  instance,  the  whole  series  of  events,  both  auricular 
and  ventricular,  are  jiresent,  whilst  the  present  research  deals  only  with  the 
succession  of  events  in  the  ventricle  during  its  activity.  I  have,  however, 
several  records  obtained  from  the  rabbit's  heart,  which  include  the  whole 
series,  and  it  seems  worth  while  to  give  one  example  of  such  a  complete  series 
although  I  have  as  yet  made  no  special  investigation  of  the  succession  of 
auricular  events. 

In  order  to  connect  the  w  hole  heart  of  the  rabbit  at  two  definite  points,  one 
contact  was  by  means  of  the  flexible  tube  thrust  down  so  as  to  lie  on  the  entry 
of  the  inferior  vena  cava  into  the  right  auricle.  The  other  contact  was  then 
placed  upon  the  right  ventricle  apex  under  which  a  piece  of  thin  sheet 
india  rubber  was  drawn. 

The  tissues  largely  short  circuited  the  electrical  eliects,  and  the  records 
are,  therefore,  small  in  size  ;  but  they  show  the  general  sequence  of  events 
as  far  as  this  can  be  judged  by  the  movements  of  the  electrometer. 

An  example  is  given  in  Fig.  20. 

This  record  comprises  the  whole  of  the  changes  during  a  series  of  heart 
beats  occurring  at  a  frequency  of  250  per  minute.     Each  member  of  the 
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series  constituting  a  beat    comprises  a  double   set  of  events  marked  as  A 
and  V. 

Auricular. — The  first  set  consists  of  those  events  which  are  shown 
in  the  record  over  each  letter  A  ;  they  are  to  be  read  from  left  to  right,  and 
are  associated  with  auricular  activity  ;  each  set  consists  of  (1)  a  rapid 
upward  movement  ;  (2)  a  rapid  downward  movement  ;  (3)  a  second  upA\ard 
rise  ;  and  (4)  a  final  downward  movement.  It  should  be  remarked  that  this 
does  not  correspond  with  the  records  obtained  from  the  human  heart  by 
Einthoven  and  most  subsequent  observers,  and  which  are  referred  by  them  to 
auricular  events.  On  the  other  hand  Kahn  in  a  recent  pajDer  emphasises  the 
variable  form  of  the  succession  of  the  auricular  events''. 


Fig.  20.  Electrometer  record  of  changes  in  a  rabbit's  heart  with  one  contact  on  the  riglit  auricle 
near  the  inferior  cava,  the  other  on  the  right  ventricle  ajjex.  Record  of  nine  beats,  all 
sho\^Tng  two  sets  of  changes,  a  small  auricular  set  above  the  letter  A,  and  a  larger  ventricular 
set  above  the  letter  V.  The  rat«  of  Iieat  is  250  per  minute.  Upward  movement  signifies 
relative  negativity  at  or  near  the  auiicle  contact. 

Veniriculur. — The  sequence  of  ventricle  events  during  the  part  marked 
V  comprises  (1)  a  sharp  upward  movement  ;  (2)  a  sharp  downward  move- 
ment ;  (3)  a  prominent  second  upward  rise  ;  (4)  a  downward  movement 
marked  in  some  beats  but  not  in  others.  Thus  all  the  events  occurring 
during  the  ventricular  contraction  correspond  A\ith  those  given  in  Figs.  7 
and  8,  as  displayed  in  the  ventricle  when  one  contact  lies  right  athwart  the 
base  and  the  other  Ues  on  the  apex.  The  ventricular  elTect  is  of  the  quadri- 
phasic  type  (b,  a,  b,  a).  The  remarkable  circumstance  is  the  character  of  the 
events  which  occur  during  what  was  undoubtedly  the  auricular  contraction, 
viz.,  those  described  under  (A).  These  resemble  on  a  greath'  reduced  scale 
the  general  characters  of  the  ventricular  effects  and  are  quite  unlike  the 
auricular  events  which  appear  in  the  electrometer  records  of  the  whole  heart 
of  the  tortoise  (see  Fig.  1).     It  is  difficult  to  give  anj'  satisfactory  explanation 
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of  these  somewhat  anomalous  events  during  auricular  contraction,  of  which 
I  have  many  instances  ;  the  matter  seems  to  me  to  demand  a  careful  re- 
investigation with  contacts  at  known  points  on  the  auricle. 

At  present  the  precise  direction  of  the  propagation  of  the  activity  in 
tlie  mammalian  auricle  is,  in  spite  of  numerous  electrocardiograms,  still 
rather  problematical.  If,  however,  one  is  justified  from  the  definite  character 
of  the  ventricular  records  in  concluding  that  the  second  delaj-ed  rise  signifies 
a  second  delayed  activity  in  the  neighbourhood  of  the  part  first  thrown  into 
action,  but  due  to  a  return  of  the  «  ave  of  contraction  to  the  aorta,  then  it 
may  well  be  asked  how  can  this  explanation  be  applied  to  the  auricular  curve 
here  given?  In  the  ventricle  there  is  an  obvious  part  of  the  ventricle  attached 
to  each  of  the  issuing  great  vessels  which  has,  in  the  course  of  development, 
assumed  a  basal  position,  but  what  structural  feature  exists  in  the  case  of 
the  auricle  ?  It  has  occurred  to  me  that  the  auricular  appendages  may 
possibly  furnish  the  seat  of  a  delayed  activity,  since  it  is  clear  that  if  the 
contraction  starts  from  the  vein  entry  it  will  spread  not  only  towards  the 
auriculo-ventricular  groove  but  also  over  the  wall  of  such  appendages. 
I  venture,  therefore,  to  advance  as  a  provisional  explanation  of  the 
jiarticular  succession  of  events  indicated  in  Fig.  20,  this  iJossibility,  leaving 
it  to  future  experiments  to  determine  \\hether  this  supposition  is  correct. 

One  other  source  of  difficulty  is  the  circumstance  already  alluded  to  in 
connection  with  the  tortoise  heart  (Fig.  1).  It  is  easy  to  see  in  the  slow 
beating  heart  of  the  tortoise  the  duration  of  the  visible  contraction  auricular 
and  ventricular.  There  is  no  doubt  about  the  time  relations  of  the  two 
contractions,  and  the  electrical  events  therefore  demand  the  supjiosition  that 
during  quiescence  one  cavitj-  wall  acts  as  an  inchft'erent  conductor  to  the 
electrical  changes  in  the  other.  How  far  this  is  the  case  in  the  quick  beating 
rabbit's  heart  remains  doubtful. 

In  conclusion,  it  is  evident  that  as  regards  the  second  rise  during  the 
ventricular  contraction,  which  forms  such  a  conspicuous  feature  of  all  human 
electrocardiograms,  its  causation  is  probably  related  to  the  return  of  the 
contraction  wave  along  the  ventricle  \\ all  to  the  parts  from  \\hich  the  aorta 
and  pulmonar}'  artery  spring,  and  possibly  to  the  walls  of  these  vessels.  If 
so,  then  as  this  part  of  the  cardiac  activity  is  of  great  importance  from  the 
point  of  view  of  the  circulation,  the  degree  to  which  it  is  appreciable  in 
human  electrocardiograms  is  a  significant  indication  both  of  the  efficient 
^\  orking  of  the  heart  and  of  the  intracardiac  pressure. 

A  further  point  is  that  the  forms  of  electrometer  curves  shown  in  this 
communication  are  very  various  ;  but  all  the  different  varieties  are  explicable 
on  the  assumption  that  there  are  three  successive  active  processes  which 
overlap  to  different  degrees,  the  amount  of  each  overlap  depending  upon 
(a)  the  extent  to  which  the  contact  embraces  the  chief  seat  of  the  active 
process  ;   (6)  the  condition  of  the  tissue. 
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Summary. 

1.  Records  have  been  obtained  from  the  exposed  svirface  of  the  tortoise 
heart  beating  in  situ,  by  means  of  the  capillary  electrometer,  which  show  that 
the  propagation  rate  in  the  auricle  is  at  12°  C,  about  120  mm.  in  1  sec,  and 
in  the  ventricle  about  90  mm.  in  1  sec. 

2.  Records  have  been  obtained  from  know  n  points  of  the  exposed 
surface  of  the  rabbit's  heart  beating  in  situ,  Mhicli  show  that  the  propagation 
rate  on  the  ventricle  varies  from  3  metres  jaer  second  when  the  heart  is  beating 
very  vigorously,  to  1  metre  per  second  when  beating  slowly ;  as  the  heart 
fails  the  rate  is  still  further  reduced. 

3.  Records  obtained  from  different  parts  of  the  surface  of  the  tortoise 
ventricle  show  that  the  activity  is  not  simultaneously  developed  during  the 
natural  beat,  but  is  first  developed  at  the  groove,  then  at  parts  lying  towards 
the  apex,  and  finally  in  the  part  of  the  ventricle  from  w  hich  the  aorta  sjarings. 
These  three  successive  developments  are  the  cause  of  the  peculiar  triphasic 
electrical  effects  displayed  in  the  records. 

4.  Records  have  been  obtained  with  the  capillary  electrometer  from 
known  points  of  the  ventricular  surface  of  the  rabbit's  heart  ;  these  have  the 
same  general  character  whichever  ventricle  is  investigated,  j^rovided  that  the 
relative  positions  of  the  contacts  are  alike  as  regards  each  ventricle. 

5.  The  records  from  the  rabbit's  ventricle  are  quadriphasic  (the  sign 
changing  four  times),  when  one  contact  is  athwart  the  base  near  the  groove, 
whilst  the  other  is  on  the  apex  ;  they  are  diphasic  if  the  contacts  lie  on  the 
lateral  border  and  apex  respectively  ;  they  are  trijjhasic  if  the  contacts  lie 
one  around  the  aorta  and  the  other  on  the  apex. 

6.  The  interju-etation  of  the  triphasic  records  is  shown  to  be  in  accord- 
ance with  the  view  that  each  contraction  begins  in  the  general  mass  of  base 
ventricular  substance,  that  it  then  developes  at  the  apex,  and  that  it  finally 
developes  in  the  ventricular  mass  near  the  aorta  (or  pulmonary  artery),  with  a 
possible  extension  into  the  wall  of  the  aorta  or  pulmonary  artery. 

7.  The  interpretation  of  the  ciuadriphasic  record  is  that  given  in  the 
preceding  paragraph,  but  is  associated  ^^ith  the  diminished  duration  of  the 
aortic  effect  as  comjjjared  with  the  apex  effect  ;  this  being  more  marked  in 
proportion  as  the  base  contact  recedes  from  the  actual  aorta  or  as  the  heart 
beat  weakens  in  force. 

8.  If  the  base  contact  is  actually  around  the  aorta,  the  records  become 
trijjhasic  with  a  very  marked  terminal  phase  of  a  prolonged  type;  the  full 
delaj'cd  base  activity  is  thus  very  local. 

9.  The  analogy  between  the  present  records  and  the  well-known 
electrocardiograms  obtained  from  man,  etc.,  with  the  string  galvanometer 
renders  it  extremely  probable  that  the  succession  of  electromotive  events 


ELECTROMETER     RECORDS.  261 

indicated  by  these  electrocardiograms  is,  like  that  found  in  the  rabbit, 
similarly  explicable  by  the  presence  of  three  successive  activity  developments. 
These  overlaj]  in  time,  and  their  sum  is  sufficient  to  account  for  the  character 
of  typical  records. 
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paroxys:mal  tachycardia,  the  result  of  ectopic 
impulse  formation. 

By    THOMAS    LEWIS. 
(  University   College,   London.) 

In  previous  communications  to  this  Journal,  two  cases  of  the  auricular 
form  of  paroxj'smal  tachycardia  and,  in  addition,  certain  experimental 
observations  relating  to  paroxj-sms  of  rapid  heart  action  in  general  have 
been  recorded.  In  the  following  pages  an  account  of  a  further  example  of 
clinical  auricular  paroxysms  will  be  found  with  full  details  of  the  case  in 
which  the  phenomenon  has  been  observed.  • 

The  patient,  who  forms  the  basis  of  the  remarks,  originally  attended  the 
out-patient  clinic  of  Dr.  James  Mackenzie.  It  is  with  pleasure  that  I 
acknowledge  his  generosity  in  placing  not  only  the  case  but  his  own 
observations  at  my  disposal. 


History,  etc. 

H.  M.  B.,  aged  41,  a  carpenter  bj'  trade  and  a  married  man,  first 
attended  the  out-patient  department  at  Welbeck  Street  in  June,  1909,  com- 
plaining of  a  general  failure  of  health  and  attacks  of  giddiness  and  faintness. 
Ever  since  he  has  been  under  close  observation. 

The  family  history  presents  no  point  of  interest.  The  fatlier  died  at  tlie  age  of  49,  and  the 
mother  at  63,  of  ailments  not  definitely  known.  The  patient  has  seven  brothers  alive  and,  so 
far  as  he  knows,  in  good  health.  One  brother  was  shot  in  South  Africa.  There  were  no  sisters. 
Of  seven  children,  six  are  ali\e  and  healthy  ;   one  died  in  infancy. 

His  previous  health  has  been  good,  with  the  exception  of  an  illness  six  years  ago.  He  states 
that  at  that  time  he  was  laid  up  for  six  weeks,  with  influenza  and  right-sided  pleurisy.  In  habit 
he  has  been  neither  temperate  nor  the  reverse.  Tobacco  has  been  used  sparingly.  His  work  has 
been  hea\-T,-  and  his  hours  long. 

Present  illness. — For  a  month  previous  to  his  admission  as  an  out-patient  he  suffered  from 
failing  health.  Especially,  he  experienced  attacks  of  giddiness  anil  faintness.  accompanied  by  a 
frequent  sense  of  exhaustion.  He  was  likewise  distressed  by  frequent  cold  sweats  with  goose 
skin  sensation,  and  a  curious  beating,  which  fluctuated,  at  the  top  of  the  chest.  A  slight  dry  cough, 
shortness  of  breath  in  walking  even  on  level  groimd.  and  sleeplessness  at  night  complete  the 
list  of  the  more  prominent  symptoms.    He  has  had  a  certain  amoimt  of  feverisluiess  at  nights. 

Cotidilion.  13-7-09.  The  patient  is  a  frail  poorly  nourished  man,  with  sallow  complexion 
and  clammy  skin.  The  arteries  present  a  slight  grade  of  arteriosclerosis.  The  apex  beat  is  ill- 
defined,  and  there  is  no  pulsation  in  the  epigastriiun.     On  this  accoimt  records  from  the  chest 
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wall  are  not  obtainable.  The  percussion  limits  of  the  heart  are  as  follows.  Tlie  left  border  o 
dullness  is  4J  and  the  right  1  inch  from  the  middle  line.  These  limits  show  no  definite  variation 
with  the  onset  or  oflset  of  the  brief  paroxysms  of  tachycardia  which  form  the  chief  feature  of  the 
case.  The  heart  sounds  are  clear,  and  there  are  no  murmurs.  The  movements  of  the  chest  with 
respiration  are  fair ;  there  is.  perhaps,  slight  deficiency  at  the  right  apex.  Over  this  apex  also  the 
percussion  note  is  a  little  but  definitely  impaired,  and  both  in  front  and  behind  numerous  super- 
ficial fixed  crackles  are  audible.  The  breath  sounds  are  unaltered.  There  are  no  signs  of  old 
standing  basal  pleuiisy.  The  liver  shows  no  enlargement  even  while  the  lieart  is  beating 
rapidly. 


The  Radial  Curves. 

The  case  is  remarkable  for  the  persistent  recurrence  of  short  attacks  of 
tachj^cardia.  An  idea  of  the  heart's  action  is  best  conveyed  by  means  of  a 
diagram  (Fig.  1).  The  chart  covers  a  space  of  1  hour  49  minutes.  The  four 
hnes  of  which  it  consists  read  continuously.  It  has  been  constructed  to 
scale  by  measurements  taken  from  a  single  and  continuous  curve.  The 
ordinates  are  seijarated  by  5  sec.  intervals.  The  short  vertical  lines  represent 
the  onset  or  offset  of  a  paroxysm  ;  the  abscisste  joining  the  summits  of  such 
lines  indicate  rapid  heart  action,  while  those*  joining  their  bases  correspond 
to  the  slow  periods.  The  diagram  gives  a  clear  impression  of  the  relative 
duration  of  fast  and  slow  rates,  the  actual  lengths  of  the  paroxysmal  and  slow 
periods,  and  the  variations  in  each  respective ly.  The  chart,  as  a  whole, 
may  be  regarded  as  a  fair  sample  of  the  picture  usually  presented  by  the 
patient,  though  it  occasionally  happens  that  the  paroxj'sms  are  less  frecjuent 
or  of  longer  duration.  Thus,  on  occasion  only  two  or  three  paroxysms  have 
been  noted  during  an  hour  of  observation.  The  longest  paroxysm  recorded 
lasted  about  seven  minutes,  but  paroxysms  exceeding  a  minute  in  duration 
are  rare.  The  shortest  recorded  attack  consisted  of  four  rapid  beats  in 
the  radial  curve.  The  rate  of  the  tach^^cardia  has  varied  between  133  and  184. 
It  usually  lies  between  160  and  180.  During  the  times  when  the  pulse  is 
slow  it  is  rarely  regular  for  many  beats  together,  but  is  interrupted  by 
extrasystoles  which  are  accompanied  by  a  pause  not  iuWy  compensatory. 
Therefore,  on  most  occasions  it  is  impossible  to  calculate  the  fundamental 
sinus  rhythm  with  anj^  degree  of  certainty.  Sometimes  the  pulse  is  perfectly 
regular  over  lengths  of  curve  of  a  half  minute  or  more,  and  then  the  rate 
lies  between  76  and  88. 

A  short  strip  of  the  radial  tracing  is  given  in  Fig.  2.  It  shows  three 
paroxysms  breaking  into  the  usual  slow  and  irregular  rh\  thm  of  the  slow 
periods.  The  patient  is  usualh'  conscious  of  l)oth  onset  and  offset  of  the 
tachycardia,  \\hen  his  attention  is  closely  directed  to  it.  While  lying  supine 
he  was  requested  to  raise  his  arm  at  the  onset  and  to  loA\er  it  at  the  offset  of 
each  attack.  The  raising  and  lowering  of  the  arm  were  marked  by  hand  on 
the  curve  as  it  was  taken,  and  these  rough  signals  are  shown  on  the  accom- 
panying curve.  Recognition  of  the  alteration  of  heart  rate  was  attained 
by  the  patient  by  his  perception  of  the  associated  beating  in  his  chest. 
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The  attacks  are  most  frequent  when  the  patient  has  been  at  work, 
and  after  exertion  of  any  kind.  The}'  tend  to  subside,  but  never  disappear 
entirely,  after  he  has  been  recumbent  for  several  hours  or  longer.  On  one 
occasion,  while  under  the  observation  of  Dr.  JIackenzie,  and  while  the 
paroxysms  were  relativel}'  infrequent,  it  was  noticed  that  they  were  brought 
on  bj'  swallowing.  Numerous  observations  were  made  at  the  time,  and 
although  the  effect  of  a  swallow  ^^as  not  invariable,  yet  the  movement  was  so 
frequently  succeeded  by  a  paroxysm  that  no  doubt  remained  but  that  the 
latter  directly  resulted  from  it. 

Treatment,  apart  from  impro\ing  his  general  health,  has  Ijeen  without 
avail. 


roi.YGRAPH    RECOKDS. 

The  action  of  the  heart  between  the  paroxysms  is,  as  has  been  previously 
stated,  ver}'  irregular.  The  irregularity  is  due  to  the  interruption  of  the 
normal  sinus  rhythm  by  beats,  which  simultaneous  radial  and  venous  curves 
show  to  be  of  the  nature  of  auricular  extrasystoles.  The  frerpiency  of  these 
interruptions  of  the  sinus  rhj'thm  is  very  variable  ;  there  may  be  only 
occasional  extrasystolic  contractions  ;  they  maj^  alternate  -with  one  or 
more  of  the  normal  beats,  or  may  occur  frequently  and  in  haphazard  fashion. 
They  are  invariably  auricular  in  origin,  and  are  almost  always  very  numerous. 
Further,  they  are  isolated  and  (leaving  the  paroxysms  out  of  consideration) 
do  not  occur  successivelj'  or  in  groups.  Studied  in  the  radial  curve  they  are 
found  to  affect  the  pressure  in  the  arterj-  to  a  small  extent  or  not  at  all 
(some  indication  of  them  is  to  be  seen  in  the  radial  curves  of  Figs.  3,  5,  6  and  8, 
where  they  are  marked  r',  while  in  Fig.  4,  as  also  in  several  of  the  above 
mentioned  figures,  they  leave  no  trace  of  their  presence).  In  the  venous 
curve  the  extra  wave  a'  is  always  Avell  marked,  and  it  is  often  followed  by 
waves  c'  and  v',  which  are  attributable  to  the  ventricular  resiDonse.  At  times 
the  wave  a'  appears  to  stand  alone,  and  in  these  instances  (cp.  Fig.  4) 
the  impression  is  conveyed  that  we  have  to  do  with  a  failure  of  con- 
duction to  the  ventricle.  That  the  waves  a',  in  Fig.  4,  for  example,  are 
in  reaUty  due  to  auricular  contraction,  and  that  they  are  not  anomalous 

V  waves,  is  easih-  demonstrated.  They  are  identical  with  the  «'  waves  of  the 
auricular  extrasystoles,  and  occur  earlier  after  the  preceding  c  wave  than  do 
the  true  v  waves*.  The  comparison  may  be  made  in  Fig.  4,  or  in  Fig.  6. 
They  are  taller  than  v  waves,  and  also  reach  to  a  greater  height  than  the 
a  waves  of  the  sinus  beats.  This  is  obviously  attributable  to  the  fact  that 
they  occiir  before  ventricular  systole  is  complete.  Lastly,  the  lengths  of  the 
cj'cles  with  which  they  interfere  are  compatible  with  those  of  cycles  inter- 
rupted by  extrasystoles  reaching  the  ventricle  ;  and  they  are  unaccompanied 

*  Attention  is  specially  directed  in  this  connection  to  the  relation  of  the  fall  of  the  wave,  a   or 

V  as  the  case  may  be,  to  the  preceding  c  wave. 
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Fig.   5.     Venous  and  radial  curves  during  a    slow    jieriod.     Aiu-icular  extrasystoles    are  shown. 
The  stops  may  be  used  in  checking  measurements  in  this  and  otlier  figures. 
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Fig.  G.     The  end  of  a  paroxysm,  showing  the  termination  in  a  long  pause,  which  is  succeeded  bj' 
a  gradually  accelerating  sinus  rhythm,  itself  interrupted  hy  auricular  extrasystoles. 
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Fig.  7.     The  same  as  Fig.  6,  except  that  diu-ing  the  slow  period  no  extrasystoles  occur. 


Fig.  8.  The  onset  uf  a  paroxism.  The  slow  period  to  the  left  is  irregular  as  a  result  of  aiu'iculEir 
extrasystoles.  Tachycardia  starts  in  the  auricle,  towards  the  centre  of  the  figuie  ;  it  consists 
of  a  series  of  extrasystoles  (a')  eacli  awakening  an  abortive  ventricular  response.  The  cur\e 
changes  abruptly  to  the  true  paroxysm  (a"). 
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by  a  first  heart  sound.  The  suggestion,  offered  bj'  these  facts,  that  we  are 
deahng  with  blocked  auricular  extrasystoles  in  some  of  the  examples  shown 
(the  failure  of  conduction  of  such  beats  has  been  already  described  by 
Hewlett")  is  conclusively  proved  by  the  electrocardiograms  which  are  to  be 
discussed  later. 

The  heart's  action  during  the  paroxysms  is  equally  clear.  It  is  illustrated 
in  Figs.  2,  .3,  8,  and  9.  The  heart's  mechanism  is  alwaj's  the  same.  The 
paroxj-sms  are  shown  to  start  in  the  auricle,  for  each  beat  of  the  ventricle 
is  preceded  by  a  contraction  of  the  former.  The  a-c  interval  during  the 
paroxj'sms  is  about  \  sec.,*  that  is  to  say,  it  is  of  about  the  same  length  as 
during  the  slow  periods.  The  excessive  height  of  the  a  waves  is  assigned  to 
the  shortened  Vs-As  interval,  or,  described  in  terms  of  the  venous  pulse,  to 
a  falling  back  on  v.  The  auricle  contracts  before  the  preceding  ventricular 
systole  is  complete.  During  the  paroxysms  alternation  of  the  ventricle  is 
occasionally  present.  As  examples  of  this  phenomenon  have  already  been 
pubhshed  in  the  first  number  of  this  Journal,  further  illustration  of  the 
point  is  not  considered  necessary.  The  lesser  beats,  as  in  previously  reported 
cases,  maj'  vanish  almost  entirely. 

A  notable  feature  of  the  paroxysms,  shown  in  Figs.  2,  3,  and  8,  is  the 
general  rise  in  the  curve  as  the  paroxysm  proceeds.  It  is  an  indication  of  a 
slight  increase  of  blood  pressure  consequent  \\\ioi\  the  more  rapid  heart 
action. 

The  transitional  portions  of  the  curves  are  of  special  interest.  The 
paroxysms  commence  in  a  varietj^  of  ways.  The  auricular  extrasystoles  are 
always  freciuent  directly  before  the  onset.  Fig.  3  shows  a  comparatively 
simple  form  of  onset.  The  slow  rhythm  is  disturbed  by  effective  auricular 
extrasystoles  (or  extras3'stoles  which  cause  ventricular  responses).  Two  of 
such  beats  are  shown  in  the  figure.  Following  these  beats  are  two  normal 
responses,  then  an  auricular  extrasj-stole,  and  from  this  point  onwards 
regular  auricular  waves  appear  (a")  each  of  which  awakens  a  ventricular 
response.  In  some  instances  two  or  more  extrasystoles  may  directly 
precede  the  paroxysm,  and  in  such  cases  a  long  pause  in  the  radial  curve, 
with  or  without  abortive  waves  upon  it,  is  found  as  a  precursor  of  the 
paroxj-sm.  In  Fig.  8  a  tracing  is  given  in  which  a  slow  period  is  at  first 
interrupted  by  extras3'Stolcs  which  are  effective  ;  during  the  second  radial 
pause  two  beats  of  the  same  nature  are  interpolated  and  the  pause  ends  in  a 
normal  response.  Following  upon  this  is  a  succession  of  five  extrasystoles, 
and  these  in  turn  are  succeeded  by  the  true  paroxysm  (of  which  seven  beats 
are  shown).  The  expression  true  paroxysm  is  employed  because  the  first  five 
beats  lie  lower  in  the  curve,  they  do  not  raise  arterial  pressure,  which  tends 
to  fall  away,  as  do  the  remainder  of  the  beats,  and  the  change  from  one  type 

*  There  is  a  slight  variation  in  the  intervals  in  many  of  the  curves,  more  especially  tlieelectro- 
cardiograpMc,  whicli  tends  to  show  that  the  normal  As-Vs  distance  is  greater  with  the  abnormal 
than  with  the  sinus  beats  (cp.  Fig.  17),  but  it  is  not  always  well  marked. 
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to  the  other  is  marked  by  an  abrupt  rise  in  the  curve.  Further  reasons  for 
this  differentiation  will  be  stated  later.  The  same  phenomenon  is  visible 
in  the  opening  beats  of  the  paroxj'sm  shown  in  Fig.  9. 
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Fig.  9.  Onset  of  a  paroxysm.  The  rhythm  and  sequence  is  at  first  normal.  Interpolated  auri- 
cular extraaystoles  appear  suddenly  in  the  curve.  None  of  these  reach  the  ventricle.  Between 
the  interpolation  stage  and  the  paroxysm  proper  (of  which  5  beats  are  showTi)  two  abortive 
radial  curves  are  seen.    They  are  the  result  of  successive  auricular  extrasystoles. 


We  may  now  turn  our  attention  to  Fig.  4.  The  first  beats  of  this  curve 
are  blocked  auricular  extrasystoles*.  These  extrasystoles,  like  those  which 
awaken  ventricular  responses,  interfere  with  the  sinus  rhythm  and  produce 
the  diastolic  pause  indicated  in  the  radial  pulse.  At  times  the  disturbance 
of  the  sinus  rhythm  is  absent  and  on  such  occasions  interpolated  auricular 
extrasystoles  occur.  Fig.  4  illustrates  the  condition  very  clearly,  and  shows 
the  sudden  passage  of  one  mechanism  to  the  other.  Moreover,  they  are 
interpolations  of  a  very  curious  nature.  For  they  affect  neither  sinus  nor 
ventricle.  Every  interpolated  beat  is  blockedt.  The  disturbance  is  strictly 
limited  to  the  auricle,  and  the  regular  impulses  transmitted  across  this 
chamber  to  the  ventricle  are  in  no  way  interfered  with  J.  At  the  end  of  the 
interpolation  period  the  radial  pulse  shows  an  increased  pause.  It  is  probable 
that  at  this  time  two  auricular  extrasystoles  occur,  and  that  the  last  beat 
of  the  pair  alone  yields  a  ventricular  response,  though  the  response  is  doubtful. 
Fig.  9  confirms  the  explanation  adopted  in  the  case  of  Fig.  4.  The  tracing 
commences  with  the  normal  sinus  rhythm  ;  each  ventricular  contraction  is 
associated  with  a,  c,  and  v  waves.  Later,  in  the  curve  auricular  extrasystoles 
suddenly  ap2)ear,  and  they  affect  neither  sinus  nor  ventricular  rhythms. 
Apart  from  the  mode  of  its  onset,  the  curve,  up  to  this  point,  is  in  every 
way  similar  to  Fig.  4.  Towards  the  end  of  the  curve  also  the  extra  beats  are 
seen  in  succession,  and  they  give  rise  to  two  small  radial  waves,  r'  and  r' . 


*  The  evidence  for  the  blocking  of  these  particular  beats  is,  perhaps,  inconclusive  :  the  state- 
ment is  based  on  the  fact  that  blocked  extrasystoles  are  laiown  to  occur  frequently  in  tliis  case 
(from  an  examination  of  the  electrocardiographic  cui'ves),  and  upon  the  absence  of  c'  and  v' 
waves  in  the  curve. 

t  This  is  clearly  the  case,  for  otherwise  the  a  and  a'  waves  would  be  equally  prominent. 

%  More  recently  records  have  been  obtained  from  another  ijatient,  in  which  interpolated 
auricular  extrasystoles  were  present,  but  in  wliich  each  extra  beat  was  transmitted  to  the 
ventricle. 
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The  curve  then  passes  into  the  paroxysm  proper  in  which  the  auricular  beats 
are  evenly  spaced  and  give  rise  to  regular  responses.  From  these  curves,  and 
from  a  large  number  of  others  in  my  jjossession,  it  is  recognised  that  Fig.  4 
represents  the  preliminary  stage  which  often  precedes  the  appearance  of  the 
ventricular  paroxysm  (as  in  Fig.  9).  This  statement  is  based  on  the  following 
facts.  First,  that  apart  from  similar  examples  (and  they  are  comparatively 
rare)  interjjolations  are  never  met  with  except  as  direct  precursors  of  a 
paroxysm.  Secondly,  that  it  is  common  for  the  paroxysms  to 
start  in  this  manner.  Thirdly,  that  the  paroxysms  are  very  variable 
in  length,  and  may  be  cut  short  at  any  stage.  Fourthly,  that  apart 
from  this  solitary  instance  successive  extrasystoles  have  never  been  met 
with  excejit  directly  prior  to  the  onset  of  a  paroxysm.  We  have  to  acknow- 
ledge in  the  first  place  that  the  paroxysms  are  foreshadowed  by  the  occur- 
rence of  an  auricular  tachycardia,  consisting  of  alternate  responses  to  sinus 
and  alternate  interpolations,  and  that  this  premonitory  tachycardia  is  of  a 
very  similar  rate  to  that  of  the  paroxysm  itself  (though  it  is  rarely  identical 
with  it).  At  the  same  time  we  have  evidence  that  the  paroxysms  and  the 
interpolation  periods  are  essentially  different,  though  closely  bound  up 
together.  This  evidence  as  at  present  advanced  is  as  follows.  Perioda  of 
interpolation  are  always  separated  from  paroxysm  by  an  interval,  in  which 
one,  two  or  more  of  the  insignificant  ;'  waves  appear  in  the  radial  pulse. 
Secondly,  beats  of  the  paroxysm  itself  are  never  blocked. 

The  termination  of  the  -paroxysms  is  of  equal  interest.  It  is  illustrated  in 
Figs.  3,  6,  and  7.  The  paroxysms  invariably  end  in  a  prolonged  pause. 
The  length  of  this  pause  is  variable  within  certain  limits,  and  is  occasionally 
interrupted  by  the  occurrence  of  a  smaller  beat  of  the  tyi^e  seen  at  the  com- 
mencement of  the  i^aroxysms.  As  a  rule  such  interruptions  are  absent. 
Careful  measurements  were  made  in  several  strips  of  curve  in  which  paroxysms 
were  frequent,  for  the  purpose  of  ascertaining  the  relation  between  the  pause 
following  the  paroxysm  and  the  pause  following  extrasystolic  contractions 
during  the  slow  periods.  On  account  of  the  variation  in  jiresphj'gmic  interval 
known  to  accompany  extrasystoles,  the  measurements  were  made  in  the 
venous  curves  from  a'  or  a"  waves  to  a  waves.  The  results  are  embodied 
in  the  table.  In  the  first  column  the  length  of  the  pause  follow  ing  an  auricular 
extrasystole  is  given.  The  extrasystole  was  chosen  from  the  centre  of  a  slow 
period,  and  may,  therefore,  be  said  to  succeed  one  paroxysm  and  precede 
the  next.  In  the  fourth  column  the  pause  following  the  succeeding  paroxysm 
is  given.  It  will  be  seen  that  the  pauses  vary  slightly  and  in  approximately 
the  same  degree,  and  that  the  figures  given  in  the  two  columns  are  in  close 
agreement*. 

The  average  for  the  paroxysmal  pauses  exceeds  that  for  the  extrasystolic 
by  "~-  sec,  a  practically  negligible  cjuantity.  In  a  previously  rej^orted  case 
of  paroxysmal  tachycardia,  considerable  stress  was  laid  ujjon  the  occurrence 


*  The  variation  in  individual  cases  is  scarcely  greater  than  the  error  in  nioasuremeiit. 
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Table  of  pause; 


Length  of  pause  in 

i  sec. ,  following  AEs 

between  the 

paroxysms. 


Rate  of 

paroxysm  per 

minute. 


Length  of 

paro3cysm 

in  sec 


Length  in  \  sec.  of 

pause  at  end  of 

paroxysm. 


169 

16-2 

4-5 

4-4 

161 

23-5 

4o 

4-5 

166 

16-6 

43 

4-6 

157 

3-2 

4-3 

5-2 

165 

0-2 

4o 

40 

182 

19-4 

4-4 

4-4 

180 

4-6 

4-3 

4-4 

181 

5-9 

4-5 

46 

163 

6-5 

4-4 

4-7 

169 

6-9 

4-6 

4-5 

170 

8-7 

50 

4-4 

167 

80 

40 

41 

165 

4-8 

4-1 

41 

167 

4-2 

4-6 

4-2 

168 

61 

4-9 

41 

169 

5-5 

4-3 

41 

170 

5-4 

41 

4o 

170 

61 

51 

4-3 

165 

4-8 

4-5 

4-4 

166 

6-4 

4-4 

4-4 

167 

60 

4-6 

4-5 

167 

4-3 

4-7 

4-4 

165 

4-2 

if, 

Average  4-41 

- 

- 

4-48 

of  these  pauses,  but  the  wide  variation  then  observed  in  them  would  not 
allow  of  their  co-relation  with  any  other  measurement.  The  reason  of  the 
difference  in  the  two  patients  is  probably  to  be  found  in  the  fact  that  we 
are  at  present  dealing  with  short  paroxysms,  while  in  the  earlier  case  the 
tachycardia  always  persisted  for  a  long  while.  The  cause  of  the  pause  is  now 
more  obvious.  It  may  be  regarded  as  identical  in  extras^^stole  and  paroxysm, 
and  may  be  interpreted  as  the  time  taken  for  the  last  impulse  to  reach  the 
sinus,  plus  the  time  taken  for  the  formation  of  a  fresh  sinus  impulse  (Cushny 
and  Matthews').  The  length  of  the  post-paroxysmal  pause  would  be  readily 
accounted  for  in  this  way  were  it  not  that  an  additional  phenomenon  is 
present.  Fig.  7  shows  the  termination  of  a  paroxysm  in  uninterrupted 
normal  rhythm.  The  end  of  the  paroxj'sm  is  succeeded  by  a  decreased  pulse 
rate,  followed  by  a  return  to  the  normal.  A  slow  sinus  rate  as  a  sequence  to 
the  paroxysm  is  invariable,  but  it  is  fugitive.  Similar  retardation  of  the 
pulse  at  the  termination  of  a  paroxysm  has  been  noticed  as  of  constant 
occurrence  in  another  patient  ;  it  was  absent  in  the  case  previously' 
reported,  and  also  in  the  instance  of  the  paroxysms  produced  experimentally. 
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The  phenomenon  reminds  us  of  the  preliminary  slow  rate  of  a  newly  awakened 
idioventricular  rhythm,  and  of  the  gradual  development  of  a  faster  and 
more  constant  rate.  The  explanation  is  insufficient  in  that  it  fails  to  account 
for  the  absence  of  prolongation  of  the  post-jjaroxysmal  pause.  It  might  be 
attributed  to  a  reflex  increase  of  vagal  tone,  and  the  absence  of  retardation 
in  the  experimental  instance  would  harmonise,  for  the  vagi  were  divided. 
The  facts  do  not  \\  arrant  anything  but  the  most  tentative  conclusion  ; 
emphasis  is  laid  upon  the  slowing,  because  it  stands  in  contrast  to  the 
acceleration  which  often  follows  the  single  extrasystole.  Its  presence  at 
the  commencement  of  the  slow  ijeriod  fully  explains  the  variation  in  the 
lengths  of  the  beats  of  the  interrupted  rhythm  which  usually  succeeds  the 
paroxysms  (an  example  of  which  is  shown  in  Fig.  6).  It  served  as  an  additional 
reason  for  the  measurement  of  extrasystolic  pauses  lying  in  the  centre  of  the 
slow  jjeriods  only. 


Electrocardiographic  curves.* 

We  may  now  conclude  the  description  of  the  investigation  of  this 
case  by  referring  to  the  electrocardiographic  curves.  So  far,  and  in  the  main, 
we  have  been  able  to  elucidate  the  following  facts.  We  are  dealing  with  a 
tachycardia  of  auricular  origin,  and  the  abnormal  mechanism  during  both 
paroxysmal  and  slow  periods  is  attributable  to  ectopic  beats  arising  in 
auricular  tissue.  We  have  also  very  suggestive  evidence  that  we  have  to  do 
\\ith  ectopic  beats  of  several  kinds.  This  suspicion  at  once  becomes  a 
conclusion  with  the  galvanometer  curves  before  us.  There  are  at  least  three 
varieties  of  ectopic  beats. 

The  interpretation  of  the  accompanying  curves,  dejjends  largely  upon 
the  view  adopted  as  to  the  nature  of  the  electric  curve  yielded  by  an  auricular 
contraction  starting  in  an  abnormal  position  in  the  auricle.  In  my  first 
paper  upon  paroxysmal  tachj'cardia  the  possibility  that  an  abnormal  auri- 
cular curve  would  result  was  fully  recognised,  and  in  the  second  jJaper  the 
proof  of  the  proposition  was  furnished  by  the  exami)le  of  a  retrograde  con- 
traction. Fig.  10  shows  simultaneous  venous  and  electrocardiographic 
curves,  and  allows  of  a  very  exact  analj-sis.  The  first  t«  o  beats,  which  are 
shown,  are  of  normal  sinus  origin.  But  there  is  a  notable  difference  between 
the  T  waves  of  the  two  ventricular  systoles.  The  second  lifts  more  abruptly, 
is  shorter,  and  is  followed  by  a  j^rolonged  pause.  The  venous  curve  shows  that 
an  auricular  extrasystole  has  occurred,  and  it  has  been  ineff'ective.  The  inter- 
pretation is  completely  borne  out  by  Fig.  12,  where  the  auricular  extra- 
sj-stole  though  effective  produces  precisely  the  same  deformation  of  the 
wave  T.    To  proceed  with  Fig.  10,  the  next  two  beats  are  normal,  the  following 

*  Tlie  electrocardiographic  curves  were  taken  at  University  College  Medical  School,  and  the 
expenses  involved  in  their  production  ha\e  been  defrayed  by  a  giant  from  the  British  Medical 
Association. 
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one  is  premature.  It  is  an  auricular  extrasj'stole  (Type  I),  and  it  likewise 
deforms  the  preceding  T  wave*.  But  the  alteration  of  this  T  wave  by  the 
auricular  contraction  is  different  from  that  of  the  T  wave  of  the  second  beat,    X 


Fig.  11.     The  end  of  a  paroxysm.     Acceleration  is  well  showii  in  the  slow  period. 
As  in  Fig.  10,  and  in  succeeding  figures,  small  white  crosses  are  placed  beneath  downward 
notches  in  the  curve,  which  represent  auricular  contraction. 


Fig.  12.  Electrocardiogram  and  radial  curve.  A  normal  boat,  in  which  tlie  auricular  notch  is 
well-marked,  is  succeeded  by  an  aiu-icular  extrasystole  of  Tyjie  I.  It  causes  the  deformity 
of  the  first  T  wave.  The  extrasystolic  R  is  large.  Prolongation  of  the  j\s-Vs  interval  is 
distinct  in  the  case  of  the  extrasystole. 

and  this  is  due,  as  is  the  efficiency  of  the  auricular  contraction  in  creating  a 
ventricular  response,  to  the  later  occurrence  of  the  extra  beat.  The  next  two 
beats  of  the  curve  are  normal.     They  are  succeeded  by  the  third  auricular 

*  The  peak  R  of  the  extrasystole  is  taller  than  that  of  the  normal  beats,  yet  the  pulse  beat 
accompanying  such  beats  is  often  absent  {Fig.  12).  The  same  disproportion  has  been  met  with 
clinically  in  heart  alternation,  the  large  peak  R  may  correspond  to  the  small  pulse  beat. 
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extrasystole  (Type  II)  to  be  found  in  the  curve.  It  is  known  to  be  auricular 
b\'  an  examination  of  the  accompanying  venous  curve,  and  from  the  fact 
that  it  deforms  the  T  wave  which  hes  to  the  left  of  it*.  We  have  proof, 
therefore,   of   auricular    extrasystoles    of    two  types,    and   may    now    turn 
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Venous   and  c!e[trocardio2rai>luc  curves.      Two   normal   beats   are 
auiicular  estrasystole  of  Type  III. 


;'.icceeded  by  an 


Fig.   14.     Tlie  end  of  a  paroxy.- 


paroxysm  terminates  in  an  auiicular  estrasystole  of 
Type  III. 


*  The  dotted  line  drawn  to  T  is  not  quite  correctly  placed.  Its  upper  end  should  terminate 
more  to  the  right.  The  upstroke,  to  the  bottom  of  which  it  is  drawn,  is  in  reality  the  upstroke 
of  I".     The  correction  may  be  checked  fri.  m  the  peaks  of  the  venous  waves. 
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to  Fig.  13.  In  this  curve  an  example  of  the  third  type  (Tj-pe  III) 
is  shown.  Preciselj-  similar  arguments  to  those  already  employed  demon- 
strate it  as  an  auricular  extrasystole.  The  same  form  of  beat  occurs  in 
Fig.  14,  where  it  terminates  the  paroxysm*.  Attention  is  now  drawn  to  a 
character  of  the  curves,  which,  though  unexplained,  is  of  peculiar  service. 
We  have  seen  that  the  deformation  of  the  wave  T  by  extrasystolic  auricular 
beats  consists  of  a  slight  notching  in  the  positive  or  downward  direction. 
This  notching  is  far  more  distinct  in  some  curves  than  in  others,  and  is 
clearer  in  the  originals  than  in  the  reproductions.  Moreover,  it  is  plainly  seen 
in  many  of  the  normal  P  curves  (cp.  Figs.  10,  11,  14,  15,  16,  and  17).  It  serves 
to  identif}'  the  auricular  contraction,  but  while  it  occurs  in  the  centre  of  the 
normal  auricular  curve  P,  it  ajtpears  to  be  the  sole  representative  of  the 
abnormal  auricular  contractions,  and  is  situate  at  the  starting  point  of  these 
beatst-  In  the  accompanying  curves  the  notch  has  been  marked,  where 
clearly  visible  in  the  originals,  by  a  small  white  cross. 

The  paroxysms  themselves,  portions  of  which  are  shown  in  Fig.  11  (first 
part),  Fig.  14  (first  part),  and  Fig.  16  (last  jjart),  consist  of  beats  bearing  a 
close  resemblance  to  the  extrasystole  of  Type  I  (and  shown  in  Figs.  10 
and  12).  The  paroxysmal  type  is  shown  most  clearlj^  in  the  last  four  beats  of 
Fig.  16.  The  apparent  difference  between  beats  of  this  nature  and  the  extra- 
systolic  t3'pe  shown  in  Fig.  12,  consists  in  the  deformation  of  the  associated 
T  waves  by  the  deep  notching  resulting  from  the  auricular  contractions. 
The  same  general  features  are  visible  in  Figs.  11  and  14.  Now  the  type  of 
extrasystole  referred  to  (Type  I)  is  the  rarest  of  all  dui'ing  the  slow  periods. 
The  commonest  type  is  that  shown  at  the  end  of  Fig.  13  (T3'i^e  II),  and  the 
third  type  ^^  ith  the  deep  S  depression  is  almost  as  common.  As  it  may  be 
said  that  the  paroxysm  is  constituted  by  beats|  similar  to  or  identical  with 
the  rare  type  of  extrasystolic  beat,  emphasis  may  be  laid  on  a  caution 
formerly  expressed.  This  was  to  the  effect  that  the  conclusion,  that  beats  of  a 
paroxvsm  and  those  interrupting  the  slow  periods  are  identical,  is  not 
warranted  in  the  absence  of  galvanometric  evidence. 

In  concluding  a  description  of  the  facts  presented  bj'  this  case,  several 
other  points  must  be  noted.      Fig.  15  is  an  example  of  an  alternation  of 

*  Termination  in  this  manner  is  quite  exceptional. 

t  Explanations  parallel  to  those  which  have  been  offered  for  the  split  P  wave  in  mitral  stenosis 
naturally  suggest  themselves,  but  they  would  lead  at  present  to  deductions  too  vague  to  be  of 
value. 

The  absence  of  any  indication  of  am-icular  contraction  other  than  the  dip  (wliich  is  ob%'iously 
a  special  feature  in  this  particular  case)  throws  a  new  light  upon  the  case  reported  in  this  Journal, 
p.  51.  It  is  no  longer  possible  to  attribute  the  wave  marked  P  in  Fig.  5a  to  auricular  contraction 
alone.  There  is  every  possibility  that  it  may  represent  a  T  or  deformed  T  wave.  This  reservation 
affects  the  remarks  made  in  the  first  paragraph  of  p.  70. 

t  The  paroxysmal  beats  are  always  of  this  type.  It  is  remarkable  that  in  three  cases  of 
auricular  paroxysmal  tachycardia,  the  ventricular  portions  of  the  paroxysmal  electrocardio- 
graphic curves  ha\e  always  been  of  the  normal  type  (Type  I)  and  never  of  the  abnormal  types 
(Types  II  and  III).  They  differ  irom  the  normal  beats  in  the  corresponding  patients  by  the 
increased  prominence  of  R,  and  this  despite  the  faster  iieart  rate  prevailing. 
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normal  beats  and  auricular  extrasystolic  contractions  ;  the  remarkable 
feature  of  this  curve  is  the  sudden  change  in  the  type  of  the  ectopic  beats. 
While  a  continuous  "  bigeminy  "  is  present,  it  is  of  one  type  to  the  left,  and 
of  another  and  distinct  type  to  the  right*.  The  curve  directly  preceded  a 
paroxysm,  of  which  the  commencement  is  seen  in  Fig.  16.  The  time  tracing 
unfortunately  failed  in  these  curves,  but  the  spacing  of  the  beats  can  be  gauged 
from  the  rate  of  the  paroxysm  shown  at  the  end  of  Fig.  16.  The  second 
extrasystole  of  Fig.  16  commands  especial  attention.  The  beats  adjacent 
to  it  are  separated  by  an  interval  approximately  equal  to  that  between 
alternate  beats  of  the  paroxysm  itself.  It  might  be  regarded  as  an  inter- 
polation, but  it  differs  from  those  shown  in  Figs.  4  and  9  in  two  respects.  In 
the  first  place  it  is  effective,  and  in  the  second  place  the  P'  wave  belonging 
to  it  is  separated  from  the  preceding  P  wave  by  a  shorter  interval  than  from 
the  succeeding  P  wave.  The  beat  belongs  to  those  discussed  as  precursors 
of  the  paroxysm  of  Fig.  9.  The  presence  of  this  beat  at  the  commencement  of 
the  paroxj'sm  helps  to  justify  the  previous  conclusion  that  those  insignificant 
beats  at  the  commencement  of  tachycardia  which  contrast  so  markedly  in 
the  radial  curve  with  the  beats  of  the  paroxysm  proper  are  of  a  different 
nature  to  the  paroxysmal  beatsf.  The  differentiation  is  of  importance,  for, 
if  it  is  accepted^,  we  ma}' conclude  that  only  those  beats  which  appear  in  the 
fulh'  developed  form  in  the  radial  curve  are  paroxysmal.  When  a  paroxysm 
of  four  rapid  beats  appears  in  the  radial  curve,  even  if  it  is  preceded  by  tachy- 
cardia in  the  auricle,  we  have  to  assume  that  they  are  the  offspring  of  four 
auricular  ectopic  beats,  and  that  these  four  alone  belong  to  the  ectopic  rhythm 
proper. 

The  interpretation  of  the  curves  involves  two  assumptions  ;  first,  that 
the  auricular  tachj-cardia  displayed  by  Fig.  4  is  not  an  ectopic  rhythm,  but 
consists  of  interpolations.  This  is  evident  from  the  curves  which  precede 
such  periods,  and  from  the  strict  separation  of  such  periods  from  the 
paroxysms  proper. 

The  second  assumption  is  that  the  paroxysm  itself  does  not  consist 
of    interpolations.       It   is   perfectly  obvious   that    it   is  not  composed  of 

*  Several  difEerent  combinations  of  this  change  in  the  type  of  the  bigeminy  have  been  noted 
in  this  patient. 

t  Considerable  stress  is  laid  on  the  radial  differentiation ;  experience  shows  it  to  be  of  great 
value.  The  appearance  of  successive  estrasystoles  directly  before  the  onset  of  a  paroxysm,  and 
at  this  point  only,  has  recently  been  observed  in  another  patient,  and  the  electrocardiographic 
evidence  is  in  this  instance  conclusive.  A  suggestion  is  offered  that  the  preliminary  successive 
extrasystole  may  constitute  the  exciting  cause  of  the  paroxysm  itself. 

i  Later  observations  upon  the  case  here  reported  have  conclusively  shown  the  nature  of  the 
beats  referred  to.  Several  electrocardiographic  curves  demonstrating  the  onset  of  a  paroxysm 
in  successive  beats  of  Type  II  have  been  obtained. 
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interpolations  of  the  two  commoner  types,  but  it  is  more  difficult 
to  exclude  a  series  of  interjjolations  of  the  type  shown  in  Fig.  12. 
Nevertheless  we  are  justified  in  excluding  this  possibiUty  also.  When 
this  t3'pe  of  beat  occurs  singly  it  does  not  afifect  the  arterial  pressure 
to  any  appreciable  extent  (Fig.  12).  Interpolations  when  found  in 
other  j^arts  of  the  tracings  are  never  effective  in  producing  ventricular 
response.  Further,  the  beats  of  the  paroxysm  are  never  blocked, 
although  the  paroxj^smal  rate  is  subject  to  considerable  variation. 
Again,  the  beats  of  the  paroxysm  are  quite  regularly  placed,  and  the 
radial  curves  do  not  exhibit  alterations  in  excursion  which  would  be 
expected  if  alternate  beats  were  produced  by  distinct  mechanisms. 
Finally,  if  this  view  of  interpolation  is  adopted  the  beats  of  the 
paroxysm  which  have  to  be  assumed  as  of  normal  sinus  origin  may  be 
easily  ascertained,  and,  as  a  result,  it  is  found  that  the  last  beat  of 
the  paroxysm  has  at  times  to  be  assumed  as  a  normal  beat, 
and  at  times  as  an  extrasystolic  contraction.  If  such  were  actually 
the  case  the  uniformity  of  the  post-paroxysmal  pause  would  not  be 
expected. 

Fig.  17  is  an  example  of  the  alternation  of  two  types  of  extrasystole 
in  a  bigeminal  curve.  Several  combinations  of  the  three  types  have 
been  met  with,  and  they  produce  similar  pictures. 

In  this  figure  the  notches,  representative  of  auricular  contraction,  are 
particularly  well  marked.  But  they  are  more  clearly  shown  in  the 
case  of  the  extrasystoUc  contractions.  On  the  other  hand,  in  Figs.  15 
and  16  the  depressions  are  equally  conspicuous  in  both.  Fig.  17  was 
taken  at  a  later  date. 


General  dlscussion. 

The  present  instance  of  paroxj'smal  tachycardia  is  remarkable  for 
one  feature  at  least.  It  forms  a  useful  connecting  hnk  between  those 
instances  in  which  paroxysms  of  an  hour  or  a  day  are  the  rule, 
and  cases  in  which  short  runs  of  ectopic  beats  are  alone  found.  In 
a  previous  paper  I  have  expressed  the  conviction  that  there  is  no 
essential  difference  in  the  nature  of  the  individual  beats  of  the  forms 
of  paroxysmal  tachycardia  considered,  and  the  beats  hitherto  spoken  of 
as  extrasystolic  contractions,  and  have  brought  forward  experimental 
evidence  in  favour  of  this  view. 

In  the  present  case  we  have  an  example  of  paroxysmal  tachycardia 
in  which  the  ectopic  rhythm,  upon  which  it  depends,  may  last  for  four  beats 
only  or  for  several  minutes.    The  fact  that  at  one  time  but  a  few  beats  appear, 
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and  that  at  another  a  long  continued  succession  of  beats  is  found,  cannot, 
therefore,  be  held  as  an  essential  or  distinguishing  factor.  The  chain  of 
instances  is  now  complete  from  the  single  extrasystole  to  the  groups  of 
several  successive  extrasystoles,  to  instances  of  paroxysms  of  short 
duration,  and  eventually  to  those  which  are  prolonged  for  daj^s  or  even 
weeks. 

The  second  feature  of  importance  in  the  present  case  is  the  level  at 
which  the  ectoijic  rhythm  arises.  We  may  certainly  place  the  focus  of 
origin  in  the  auricular  tissue,  and  in  consideration  of  the  abnormal  character 
of  the  electric  curve  may  conclude  that  the  auricle  has  contracted  in  an 
abnormal  direction.  This  is  tantamount  to  a  conclusion  that  the  starting 
point  of  auricular  systole  lies  at  some  distance  from  the  normal  centre 
of  impulse  formation,  a  conclusion  which  receives  support  from  the  length 
of  the  pause  following  the  individual  paroxysms.  If  we  accept  the  upper 
regions  of  the  auricle  as  the  normal  centre  of  impulse  formation,  we 
must,  as  a  consecpience,  place  the  origin  of  the  i^resent  paroxysms 
in  the  middle  or  lower  level  of  the  auricle.  The  last-mentioned  region 
is  imjH'obable,  but  the  reasons  for  this  opinion  cannot  be  entered  upon 
at  the  present  time  ;  they  are  based  upon  the  detailed  examination  of 
another  instance  of  ectopic  paroxysmal  tachycardia  which  will  be  fully 
described  at  a  later  date.  Suffice  it  to  say  that  in  the  new  instance 
the  auricular  curve  in  the  electrocardiograms  is  completely  inverted, 
and  that  there  is  strong  presiimptive  evidence  that  the  seat  of 
origin  is  in  the  lowest  level  of  the  auricle.  The  view  previously 
expressed  that  ectopic  rhythms  may  arise  at  any  level  of  the  heart 
is  thus  confirmed.* 

The  appearance  of  three  separate  types  of  ventricular  electrocardiogram, 
each  as  a  result  of  an  auricular  extrasystole,  remains  to  be  discussed.  It  is  a 
fact  for  which  a  complete  explanation  fails  at  the  present  time,  and  involves 
questions  which  can  only  be  solved  by  appeal  to  experiment.  It  has  been 
customary  to  assume  (1)  that  all  beats  of  the  ventricle  of  sui:)ra ventricular 
origin  are  conveyed  to  that  chamber  along  a  single  path,  and  that  they 
enter  the  ventricular  musculature  bj'  the  same  doorway.  It  has  also  been 
supposed  (2)  that  all  s3-stoles  of  the  ventricle  which  arise  at  a  fixed  point  in 
the  musculature  will,  cateris  paribus,  yield  the  same  and  a  distinctive  type 
of  electrocardiogram.  Therefore,  it  is  further  assumed  that  all  beats  of 
supraventricular  origin  will  yield  the  same  type  of  electrocardiogram.  The 
evidence  of  this  case  is  directly  opposed  to  the  last  conclusion,  and  there 
seems  to  be  no  alternative  but  to  seek  for  some  flaw  in  the  propositions  upon 

*  The  conclusion,  based  in  part  on  an  undescribed  case,  is  necessitated,  for  the  case  in  question 
will  be  utilised  subsequently  in  the  discussion  of  an  entirely  different  problem. 
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which  this  conchision  is  based.  Both  the  original  projiositions  (1  and  2)  are 
supported  by  considerable  evidence,  evidence  which  is  well  known  and  which 
it  would  be  out  of  place  to  discuss  at  the  present  time.  Kraus  and  Nicolai 
have  stated  that  auricular  extrasystoles  started  experimentally  in  right  and 
left  auricle  are  accompanied  by  ventricular  electrocardiograms  of  different 
forms.  Their  observation,  with  which  the  present  clinical  facts  are  con- 
sistent, is  equally  at  variance  with  our  present  views  of  the  cardiac 
mechanism,  or  with  our  present  interpretation  of  electrocardiographic 
curves. 

The  several  types  of  beat  described  in  this  paper  cannot  be  explained 
as  the  result  of  varying  time  relations.  They  cannot  be  identified  except  by 
electrocardiographic  means.  A  suggestion  which  can  be  offered  in  explana- 
tion of  them  is  that  they  may  arise  from  separate  foci  in  the  auricular 
walls  ;  the  location  of  the  exact  sites  of  origin  of  the  impulses  is  beyond  the 
limits  of  this  communication.*  In  regard  to  the  questions  which  their 
presence  raises  the  writer  inclines  to  the  opinion  that  the  explanation  must 
be  sought  in  a  revision  of  our  present  ideas  of  the  possible  mode  (or  modes) 
of  conduction  from  auricle  to  ventricle. 


Summary  and  conclusions. 

1.  A  case  of  paroxysmal  tachycardia,  due  to  ectopic  impulse  formation, 
is  described,  in  which  it  is  believed  that  the  source  of  impulses  lies  at  a  point 
near  the  physiological  centre  of  the  main  mass  of  auricular  tissue.  The 
case  is  exceptional  in  that  the  paroxysms  are  short  and  of  extremely 
frequent  occurrence.  The  case  forms  a  connecting  link  between  other 
instances  in  which  either  single  ectopic  beats  or  ectopic  rhythms  of 
long  duration  interfere  with  the  normal  mechanism  of  the  heart.  The 
case  supports  the  views  already  adopted  that  there  is  no  essential  distinc- 
tion between  extrasystolic  and  paroxysmal  beats,  and  that  paroxysmal 
tachycardia  which  is  due  to  ectopic  impulse  formation  may  arise  at  any 
level  of  the  heart. 

2.  Auricular  extrasystoles  met  with  clinically  give  rise  to  ventricular 
contractions  of  at  least  three  distinct  forms,  as  evidenced  by  the  electro- 
cardiographic curves  which  they  yield. 


*  The  question  of  accurate  location  is  the  more  important  as  very  similar,  if  not  identical, 
types  have  been  observed,  singly  or  together,  in  other  cases.  In  other  words,  the  present 
case  is  by  no  means  phenomenal  in  this  respect. 
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3.     A  clinical  instance  of  blocked  auricular  extrasystoles  (Hewlett)  and 
of  interpolated  auricular  extrasystoles  is  described. 
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IXDEPENDENT  VEXTRICULAR  RHYTHM:  HEART-BLOCK  AND 
THE  STOKES-ADAMS  SYNDROME  WITHOUT  AFFECTION  OF 
CONDUCTIVITY. 

By  a.    M.     GOSSAGE. 
{West7ninster   Hospital,   London.) 

That  the  ventricles  are  caj^able  of  starting  and  maintaining  a  rhythm  of 
their  own  when  deprived  of  the  normal  stimulus  from  the  auricles  is  well 
known  and  quite  sufficiently  attested  both  by  morbid  conditions  in  human 
beings  and  by  the  results  of  experiments  in  animals.  Theoretically,  it  is 
probable  that  a  stimulus,  which  does  not  act  because  the  more  rapidly  built 
up  stimulus  at  the  great  veins  never  permits  of  it,  is  constantly  generated  in 
the  ventricles.  With  the  removal  of  the  stimulus  from  above,  the  ventncular 
stimulus  comes  into  play  and  starts  a  rhythm  of  about  36  per  minute. 
It  might,  however,  be  argued  that  the  ventricles  only  started  building 
their  own  stimulus  when  the  necessity  for  this  stimulus  production 
was  forced  on  them  by  the  withdrawal  of  the  normal  stimulus  from 
the  veins.  This  latter  view  is  supported  to  some  extent  by  the  fact  that 
in  animal  experiments  a  sudden  withdrawal  of  the  venous  stimulus  is 
followed  by  a  stoppage  of  the  ventricles  and  it  is  only  after  an  appreciable 
interval  that  the  ventricles  start  beating  on  their  own  account.  The  sudden 
establishment  of  complete  block  between  auricles  and  ventricles  has  also 
been  advanced  as  an  explanation  of  the  sjmcopal  and  epileptic  attacks, 
occurring  in  cases  of  partial  heart-block,  in  which  the  ventricles  cease  to  beat 
for  a  more  or  less  prolonged  period.  Therefore,  it  becomes  important  to 
collect  definite  evidence  of  the  existence  of  stimulus  production  in  the 
ventricles  while  they  are  still  under  the  influence  of  the  sinus  rhythm.  This 
is  naturally  a  difficult  matter  as  the  normal  ventricular  rhythm  is  only  about 
half  the  rate  of  the  normal  sinus  rhythm,  so  that  ojDport unities  for  the 
ventricular  rhythm  to  show  itself  must  be  very  rare.  In  animal  hearts 
v.Tabora''  found  that  digitalis  caused  a  block  between  auricle  and  ventricle, 
and  that  sometimes  in  consequence  of  this  block  there  was  a  sufficiently 
long  interval  after  a  ventricular  beat  to  allow  the  ventricular  stimulus  to 
cause  a  beat  before  one  could  descend  from  the  auricles.  Increasing  the 
irritability  of  the  ventricles  while  the  vagal  tone  is  increased,  as  in  Cushnj-'s' 
experiments  with  aconitine,  leads  to  the  ventricles  imposing  their  rhythm 
upon  the  auricles  ;  a  fact  which  is  strongly  in  favour  of  the  constant  pro- 
duction of  a  stimulus  in  the  ventricles.    Disease  in  man  sometimes  performs 
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definite  experiments  for  us  and  a  few  cases  have  now  been  recorded  where  the 
existence  of  an  independent  ventricular  rhj^thm  was  occasionally  manifest, 
although  as  a  rule  the  ventricles  only  contracted  in  response  to  the  stimulus 
descending  from  the  auricles  (cp.  Mackenzie",  Wenckebach',  Lewis'"'  and 
probably  Joachim').  In  these  cases  there  was  as  a  rule  evidence  of  some 
affection  of  the  conductivity  between  the  auricles  and  ventricles  ;  the 
ventricles  contracted  on  their  own  account  when  the  auricular  stimulus  did 
not  arrive  before  their  own  was  completely  formed.  Recorded  examples  of 
this  dormant  ventricular  rhythm  are  verj"^  few  in  number  and  additional 
evidence  is  still  reciuired,  which  encourages  me  to  put  on  record  a  case  where 
the  existence  of  an  independent  ventricular  rhythm  was  very  clear. 

The  patient  was  a  woman,  aged  71,  who  had  had  eleven  children  and 
during  the  greater  part  of  her  life  had  worked  very  hard  at  a  machine, 
continuing  to  work  even  during  pregnancy  and  lactation.  She  had  enjoyed 
good  health  up  to  12  months  before  she  came  under  observation.  Since  then 
she  had  had  attacks  of  unconsciousness  and  falling  at  intervals  of  two  to 
three  weeks.  In  some  of  the  attacks  she  had  injured  herself  and  she  had 
been  informed  that  she  was  convulsed  during  her  unconsciousness.  The 
bad  attacks  commenced  with  ""  jumping  pain  at  the  lower  part  of  the  back 
and  burning  in  the  stomach."  Besides  these  more  severe  seizures  there 
were  numerous  slighter  attacks  in  which  she  merely  felt  faint  without  loss 
of  consciousness.  Personally  I  saw  one  of  these  faints.  The  patient  drew 
herself  vip  stiffly  in  her  chair,  her  face  became  pale  and  her  expression  anxious  ; 
by  the  time  I  reached  her  the  attack  was  over  so  that  I  was  unable  to  ascertain 
whether  the  ventricles  ceased  beating,  or  not,  during  the  attack. 

On  examination  the  patient  was  a  spare  woman,  who  looked  about  her 
age.  Nothing  abnormal  was  found  in  the  lungs  or  abdomen.  The  arteries 
were  thickened  and  the  pulse  tension  high  (systolic  B.P.  200  to  220  mm.  Hg.). 
There  was  marked  visible  and  palpable  pulsation  of  the  carotids.  The 
heart  was  overlapped  by  Ivmg  ;  the  apex  A\as  in  the  nipple  line  and  was 
not  especially  forcible.  At  the  apex  a  soft  systolic  bruit  could  be  heard. 
The  cardiac  rhythm  varied  very  considerably,  the  rate  being  sometimes 
under  40,  sometimes  60  to  65.  Intermediate  rates  were  also  common  and 
in  these  the  rhythm  was  always  irregular,  while  in  both  the  more  frequent 
and  the  more  infrecjiient  it  was,  as  a  rule,  regular  as  long  as  they  lasted.  With 
the  more  infrequent  rate  a  soft  intermediate  sound  could  generally  be  heard 
between  the  obvious  ventricular  sounds.  This  was  probably  due  to  the 
auricular  contraction.  The  urine  was  acid,  the  specific  gravity  was  1010, 
and  there  was  no  albumen. 

The  patient  was  admitted  into  the  Westminster  Hospital  and  kept 
under  observation  for  some  weeks.  After  admission  she  had  only  one  slight 
attack,  and  a  few  weeks  later  a  more  severe  one,  in  wliich  she  fell  and 
obtained  a  bad  "  black  eye."  She  had  noticed  previously  that  if  she  kept 
quiet  the  attacks  did  not  come  on,  and  her  second  attack  occurred  the 
day  after  her  journey  to  University  College  to  get  a  tracing  with  the  galvano- 
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meter.  There  was  considerable  imi^rovement  in  her  general  health  :  in 
fact  her  only  complaints  were  that  her  bowels  were  constipated  and  that 
she  tended  to  get  flatulence. 

A  large  number  of  tracings  were  obtained  from  her,  both  before  and 
after  admission  into  the  hospital.  It  was  very  difficult  to  get  a  satisfactory 
tracing  from  the  jugular  ;  the  external  jugular  pulsated  visiblj^,  but,  as  is 
frequent,  did  not  give  a  good  tracing.  Such  as  it  was,  however,  the  tracing 
confirmed  those  obtained  below  the  clavicle.  Dr.  Mackenzie  saw  the  patient 
with  me  and  jiointed  out  that  there  was  some  pulsation  below  the  right 
clavicle,  and  it  was  found  possible  to  get  venous  records  at  this  point  which 
were  satisfactory.  At  times  when  the  rate  was  over  60  a  perfect^ 
normal   tracing   was   obtained   with   the   regular  seriuence   of   auricle   and 


75..^ 


Fig.    1.     Auricle  and  \entricle  are  beating  regularl\-  at  the  rate  of  60  per  minute.       The  A-C 
interval  is  about  0-2  sec    In  some  places  the  6  wave  is  conspicuous  in  the  venous  record. 


Fig.  2.  In  this  tracing  every  other  beat  of  the  ventricles  is  dropped  out,  so  that  the  ventricles 
are  beating  at  half  the  rate  of  the  aiu-icles.  Tlie  auricles  are  beating  regularly  at  a  rate 
of  73  to  75,  and  each  ventricular  systole  is  preceded  by  one  of  the  auricles. 


ventricle,  and  with  no  prolongation  of  the  usual  interval  between  the 
contraction  of  auricle  and  ventricle.  Thus,  the  conductivity  of  the  A-V 
bundle  was  apparently  in  the  normal  condition.  Not  infrequently  a  certain 
amount  of  sinus  irregularity  was  present,  and  occasionally  the  regularity 
of  the  rhythm  was  disturbed  by  extrasystoles.  These  extrasystoles  were 
generally   auricular  in  origin,   but  sometimes  they  were  ventricular.     In 
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spite  of  the  early  occurrence  of  the  auricular  extrasystoles  there  was  no 
appreciable  lengthening  of  the  a-c  interval.  In  Fig.  2  the  ventricles  are 
beating  regularly  at  about  36  per  minute,  and  the  venous  tracing  shows  that 
the  auricles  are  beating  at  double  this  rate,  so  that  the  record  looks  as  if  it 
had  been  obtained  from  an  ordinary  case  of  heart-block.  A  more  usual  t5'pe 
of  tracing  showed  an  intermission  of  every  third  beat  of  the  ventricles  instead 
of  every  second,  and  in  some  of  these  tracings  the  auricular  wave  appeared 
before  each  ventricular  wave  as  well  as  in  the  middle  of  each  long  pause. 
These  pauses  were  often  a  little  shorter  than  would  be  expected  :  that  is 
to  say,  the  long  pauses  were  not  C[uite  double  the  short,  but  the  difference 
was  very  slight.  The  reason  of  the  difference  was  that  the  a-c  interval 
was  slightlv  shorter  after  the  long  pause  than  after  the  short,  but  even  after 
the  short  pause  the  interval  was  only  the  normal  0-2  of  a  sec.  This 
shortening  of  the  a-c  interval  was  probably  due  to  an  independent  early 
beat  of  the  ventricles  and  not  to  a  more  rapid  conduction  of  the  stimulus. 

In  some  of  the  tracings  the  intermediate  a  wave,  which  is  associated 
with  a  ventricular  quiescence,  occurs  earlier  than  would  be  expected,  as 
for  instance  in  Fig.  4.  At  first  I  thought  that  in  this  tracing  the  real  o  wave 
was  the  smaller  one,  following  the  one  marked  a  in  the  record,  and  that  the 
larger  wave  was  the  one  described  by  Gibson-  as  sometimes  being  found 
between  the  v  wave  and  the  succeeding  a  wave.  This  b  Mave,  as  Gibson 
calls  it,  was  often  conspicuous  in  this  patient  before  the  a  wave  that  proceeds 
a  normal  ventricular  contraction.  Some  records,  however,  which  Mere 
kindly  taken  for  me  by  Dr.  Thomas  Lewis  M-ith  Einthoven's  string  galvano- 
meter show  clearly  that  the  auricular  systole,  which  is  unaccompanied  by 
a  ventricular  contraction,  sometimes  occurs  too  early.  A  similar  early 
occurrence  of  the  blocked  a  wave  is  also  shown  in  some  of  the  curves  obtained 
by  Hay'  from  a  case  of  "  Heart-block  due  to  depression  of  excitability." 
The  explanation  of  this  earl}''  a  wave  is  difficult  ;  possibly  it  is  a  late  auricular 
extrasystole  which  is  blocked,  but  this  does  not  seem  jirobable.  It  is, 
of  course,  possible  that  this  auricular  sj'stole  is  not  really  too  early  but 
that  the  next  systole  of  the  auricle  is  too  late.  Some  curves  from  this 
patient  seem  to  show  that  this  interpretation  maj'  be  correct,  but  it  is  still 
more  difficult  to  account  for  the  lateness  of  the  auricular  systole  succeeding 
a  block  than  for  the  early  occurrence  of  an  auricular  systole  just  before 
the  block. 

IndeiJendent  ventricular  contractions  are  shown  in  Fig.  3,  where  a 
ventricular  beat  is  dropped  out  after  everj'  third  auricular  beat  ;  each  long 
pause  is  ended  by  a  ventricular  systole,  which  occurs  before  the  arrival  of 
the  usual  stimiilus  from  the  auricle,  so  that  auricle  and  ventricle  beat 
simultaneousl}'.  The  appearance  of  the  c  wave  in  the  venous  tracing  where 
this  occurs  is  quite  different  to  that  of  the  other  c  waves  ;  the  waves  are 
flatter  and  broader.  In  some  places  the  a  wave  seems  to  come  distinctly 
after  the  c  wave.  The  auricles  in  Fig.  3  are  beating  at  the  rate  of  66-6  per 
minute,  while  the  ventricular  stimulus  is  being  built  up  for  a  rate  of  37-5  per 
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minute.  Hence,  whenever  a  ventricular  beat  is  dropped  the  next  ventricular 
stimulus  would  be  ready  in  1-6  of  a  sec,  whereas  the  stimulus  lor  the  auricles 
would  not  be  ready  until  1-8  of  a  sec.  after  the  last  auricular  beat  but 
one.  It  follows,  therefore,  that  the  two  contractions  should  exactly  coincide 
since  0-2  of  a  sec.  is  required  for  the  conduction  of  the  stimulus  from 
auricle  to  ventricle.  As  explained  above  it  is  possible  that  the  auricular 
wave  after  a  block  is  sometimes  delayed  which  would  bring  it  just  after  the 
c  wave,  thus  explaining  the  broad  apj^earance  of  these  c  waves  and  the 
occasional  presence  of  a  distinct  double  Mave. 

Sometimes,  for  a  short  period,  every  other  ventricular  beat  was  dropped 
and  the  auricular  beats  associated  with  ventricular  ones  were  found 
not  to  precede  the  ventricular  systoles  but  to  occur  simultaneously  with 
them,  thus  producing  the  appearance  of  complete  heart-block  (Fig.  4). 
Evidently  what  had  happened  was  that  the  heart,  in  which  a  block  was 
occurring  after  every  third  auricular  beat,  suddenly  began  to  drop  every 
other  ventricular  beat.  The  auricles  in  Fig.  4  are  beating  at  73,  while  the 
ventricles  are  building  up  their  stimulus  for  a  rate  of  36-5  After  the  long 
pauses  the  ventricular  rhythm  comes  into  play  and  the  beats  of  auricles 
and  ventricles  coincide.  With  the  establishment  of  a  2:1  rhythm  all  the 
ventricular  pauses  are  long  and  the  ventricles  always  beat  before  the  arrival 
of  the  auricular  stimulus.  Such  complete  dissociation  only  lasted  in  this 
case  for  a  very  short  time  either  returning  as  in  Fig.  4  to  a  3 : 2  rhythm,  or, 
with  an  increased  auricular  rate,  to  a  2:1  in  which  the  auricles  contracted 
each  time  before  the  ventricles.  The  shortest  interval  observed  before  an 
independent  ventricular  beat  was  1-6  of  a  sec.  (i.e.,  a  ventricular  rhythm 
of  37-5  per  minute),  but,  as  a  rule,  the  ventricular  rhythm  was  slower. 

In  some  tracings  obtained  from  the  jugular  there  was  an  absence  of  the 
auricular  beat  before  some  of  the  ventricular  ones,  and  yet  the  above 
explanation  did  not  seem  to  be  apphcable.  For  instance,  in  Fig.  5  in  the 
jugular  tracing  one  finds  that,  although  the  ventricles  are  beating  at  the 
rate  of  37-5  per  minute,  and  there  is  ajsparently  a  condition  of  2 :1  heart-block, 
yet  for  a  considerable  period  there  is  a  conspicuous  a  wave  before  every 
alternate  c  wave  and  a  comi^lete  absence  of  the  a  wave  before  the  others. 
The  intermediate  a  wave,  corresponding  to  the  block  is  here  very  obscure, 
though  later  in  the  same  record,  where  a  occurs  before  everj^  c,  intermediate 
a  waves  are  often  of  great  size.  As  the  ventricular  intervals  are  all  of 
the  same  length  it  is  impossible  to  explain  this  tracing  by  supposing  that 
the  indeiJendent  ventricular  rhythm  asserts  itself  at  every  alternate 
beat ;  this  explanation  would  necessitate  the  assumption  that  there  is  an 
extraordinary  auricular  irregularity  of  which  there  is  no  other  evidence. 
I  think  that  the  clue  to  the  correct  exjilanation  is  afforded  by  Fig.  6.  In  this 
tracing  the  rhythm  is  regular  and  there  is  no  block,  but  in  the  jugular  the  a 
wave  is  found  preceding  the  c  wave  for  two  successive  beats  and  then  for 
two  successive  beats  there  is  no  a  wave  and  this  occurs  regularly  throughout 
the  tracing.    Here  the  variations  in  the  venous  pulse  are  evidently  due  to  the 
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influence  of  the  respiratory  movements,  the  a  wave  appearing  at  the  end  of 
inspiration  and  disappearing  with  expiration,  a  not  uncommon  phenomenon 
in  records  from  jugular  veins.  On  comparing  the  two  tracings,  if  we  suppose 
that  the  rate  of  respiration  is  the  same  in  Fig.  5  as  in  Fig.  6,  it  will  be  seen 
that  if  the  presence  of  an  a  wave  in  Fig.  5  be  taken  as  corresj^onding  with 
inspiration  the  absence  of  the  a  wave  would  correspond  with  expiration. 
Hence  it  is  more  than  probable  that  the  peculiar  features  of  this  jugular 
tracing  are  due  partly  to  the  difficulty  experienced  in  getting  a  satisfactory 
record  from  the  jugular  vein  in  this  case  and  partly  to  the  influence  of  the 
resijiratory  movements  on  the  tracing  obtained. 

It  has  been  pointed  out  already  that  in  these  tracings  there  is  no  evidence 
of  impairment  of  conductivity  in  the  bundle  which  connects  the  auricles  and 
ventricles,  although  the  stimulus  descending  from  the  auricles  is  frec[uently 
blocked,  as  shown  by  the  ventricular  intermissions  while  the  rhythm  of  the 
auricles  remains  regular.  In  most  cases  of  partial  heart-block  an  impairment 
of  conductivit}-  is  definitely  shown  by  a  lengthening  of  the  time  recjuired  for 
the  passage  of  the  stimulus  from  auricle  to  ventricle  when  the  ventricle 
happens  to  respond  to  every  auricular  beat.  No  such  lengthening  is  found 
in  the  tracings  from  this  patient,  the  a-c  interval  being  of  the  normal  length 
of  0-2  of  a  sec.  in  Fig.  1  and  elsewhere.  So  far  three  other  cases  of  heart- 
block,  without  any  sign  of  impairment  of  conductivity,  have  been  recorded 
(Hay%  Wenckebach^  and  Joachim)."'  Hay  and  Wenckebach  have  suggested 
that  in  these  cases  there  is  deficiency  of  excitability  in  the  ventricles  or  in  the 
A-V  bundle.  It  must  be  remembered,  however,  that  we  have  no  definite 
sign  of  the  condition  of  excitability  or  contractility  in  the  bundle,  such  as 
the  length  of  the  a-c  interval  affords  us  as  to  the  condition  of  the  function  of 
conductivity.  Thus,  the  hypothesis  that  heart-block  can  occur  from 
deficiency  of  excitabihty  has  not  in  its  favour  such  conclusive  evidence  as 
exists  for  the  more  common  block  from  impairment  of  conductivity. 


Conclusions. 

1.  There  is  a  constant  bviilding  up  of  a  stimulus  in  the  ventricles,  which 
stimulus  is  destroyed  bj^  each  systole.  Given  an  opportunity  this  stimulus 
induces  a  rhythm  in  the  ventricles  at  the  rate  of  between  30  and  40  per 
minute.  Under  ordinary  circumstances  this  ventricular  rhythm  is  concealed 
by  the  more  rapid  rhythm  imposed  on  the  ventricles  by  the  sinus  venosus, 
or  what  represents  the  sinus  in  higher  animals. 

2.  It  is  possible  to  get  a  condition  resembling  heart-block  when  the 
conductivity  of  the  A-V  bundle  is  intact  as  shown  by  the  length  of  the 
a-c  interval.  This  may  be  due  to  deficiency  of  excitability  in  the  ventricles 
as  has  been  supposed  bj-  Hay  and  Wenckebach.  It  is  interesting  that  in  this 
patient  syncopal  and  epileptic  attacks  also  occurred.    Whether  these  attacks 
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were  associated  with  cessation  of  the  ventricular  beats  over  a  prolonged 
period,  could  not  be  ascertained,  though  this  «as  probable  from  the  analogy 
of  other  cases  of  heart-block. 

3.  Heart-block  is  sometimes  accompanied  by  an  irregularity  of  the 
auricular  rh3'thm.  This  shows  itself  either  by  a  too  early  occiirrence  of  the 
beat  that  is  blocked,  or  as  seems  probable  from  this  case  by  a  too  late 
occurrence  of  the  succeeding  beat.  Heineke,  Miiller,  and  Hoslin'  found  the 
exact  ojJi^osite  to  this  in  a  case,  where  the  auricular  beat  that  was  blocked 
came  later  than  it  should. 

4.  The  influence  of  the  resj^iratory  movements  must  be  remembered 
as  a  possible  cause  for  the  non-appearance  of  an  expected  auricular  wave  in 
the  jugular  curve. 
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NOTE  ON  THE  BLOOD-PRESSURE  AND  LYMPH  FLOAV  IN  A  CASE 
OF  HEART  DISEASE  IN  A  DOG. 

By    C.    BOLTON    axd    E.    H.    STARLING. 
{From  the  Institute  of  Physiology,   University  College.) 

The  analysis  of  the  factors  involved  in  the  production  of  the  conditions 
associated  with  states  of  disease  is  rendered  difficult  in  many  cases  by  the 
impossibihty  of  accurately  reproducing  these  states  in  the  lower  animals. 
It  is  true  that,  in  the  case  of  heart  disease,  the  devices  adopted  bj*  Bolton 
(suture  of  the  pericardium  or  graduated  obstruction  of  the  larger  venous 
trunks)  have  resulted  in  the  production  of  some  of  the  morbid  conditions 
generally  associated  with  heart  disease  and  especially  with  the  production 
of  hydrothorax,  oedema  of  the  mediastinum  and  ascites.  It  might  be 
asserted,  however,  that  these  conditions  are  not  strictly  comparable  to  the 
state  of  chronic  heart  failure  which  is  present  in  heart  disease,  whether 
due  primarily  to  alteration  in  the  valvular  orifices  or  to  changes  in  the  heart 
muscle.  In  man  we  are  able  at  thej^resent  time  to  measure  arterial  pressures, 
but  our  views  on  the  lymph  production  and  lymph  flow  in  failure  of  com- 
pensation are  naturally  still  matters  of  surmise.  It  therefore  seems  to  us 
of  interest  to  put  on  record  the  following  observations  on  a  dog  with  chronic 
heart  failure. 

The  dog  was  a  small  mongrel  fox-terrier  weighing  after  bleeding  and 
loss  of  ascitic  fluid  6J-  kilos.  It  had  suiiered  from  increasing  weakness, 
wasting  and  ascites  for  the  last  three  months.  It  was  not  thoroughly 
examined  until  it  had  received  a  dose  of  morphia  (\  grain),  and  had  been 
anaesthetised  with  ACE  mixture  and  secured  on  the  operating  table. 
It  was  noted  that  the  abdomen  was  largely  distended  with  fluid,  but  that  the 
rest  of  the  body  was  emaciated.  The  heart  impulse  was  diffuse  but  no 
definite  bruit  could  be  detected  on  auscultation.  The  pulse  was  regular, 
no  enlargement  of  the  liver  could  be  made  out.  Post  mortem  both  sides  of 
the  heart  were  found  to  be  dilated  without  any  compensatory  hyiiertrophy. 
The  edges  of  the  tricuspid  and  mitral  valves  A\ere  thickened,  but  there 
seemed  no  condition  other  than  the  weakness  of  the  cardiac  muscle  which 
would  have  caused  any  regurgitation  through  these  orifices.  The  liver 
presented  the  typical  appearance  of  non-compensation,  the  caijillaries  in 
the  interior  of  the  lobules  being  widely  dilated  with  a  thinning  of  the 
intervening  trabecule   of  fiver  cells.     The   spleen   was   tough   and   fibrous 
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with  old  cicatrized  infarcts.  The  kidne}^  were  hard,  but  presented  the 
normal  relation  between  cortex  and  medulla.  No  degenerative  changes  in 
the  kidney  were  to  be  seen  on  microscopic  section.  The  abdomen  contained 
2310  cc.  of  ascitic  fluid,  the  right  pleura  125  cc,  and  the  left  pleura  90  cc. 
pleural  fluid.  There  was  no  oedema  of  the  extremities  or  subcutaneous 
tissue.  Xo  morbid  conditions  were  present  in  the  peritoneum,  so  that  the 
dropsy  must  be  regarded  as  due  entirely  to  the  heart  failure.  The  results 
therefore  can  be  regarded  as  due  entirely  to  the  cardiac  condition. 

Cannulas  were  placed  in  the  thoracic  duct,  in  the  carotid  artery  for 
registration  of  blood-pressure,  in  the  femoral  vein,  IJ  inches  below  Poupart's 
hgament,  and  in  the  jugular  vein  at  the  angle  of  the  jaw  for  measuring  the 
venous  pressures.  The  following  table  shows  the  lymph  flow  and  the 
pressures  at  different  periods  of  the  observation. 

Time.  Lymph  Flow  (Blood-stained). 


10.40-50 
10.50-(i0 
II.  0-10 
11.10-20 
11.20-30 


30  cc. 
21  cc. 
17  cc. 
12  cc. 
lice. 


The  pressures  during  this  time  were  as  follows  : — 

Mean  arterial  pressm'e       .  .      90  nuu.  Hg. 
Jugular  vein  ..      30-45  mm.  Xa„So^*. 

Femoral  vein  150-160  mm.  Na.,So^. 

The  normal  respiratory  undulations  in  the  volume  of  the  jugular  vein 
were  absent,  the  vein  remaining  expanded  during  inspiration  as  well  as 
expiration.  In  the  normal  animal  the  jugular  vein  at  the  base  of  the  neck 
collapses  during  inspiration.  The  abdominal  pressure  as  measured  through 
a  trochar  plunged  into  the  peritoneal  cavity  was  100  mm.  Xa.,So^.  The  fluid 
was  then  allowed  to  run  out  of  the  abdominal  cavity.  During  the  next 
30  minutes  the  emptying  of  the  abdominal  cavity  was  assisted  bj- 
manipulation,  so  that  the  h'mpli  flow  during  this  time  cannot  be  regarded 
as  normal. 

Time.  L\^u[)h  Flow. 

11.30-40  11  cc.  (Atxl.  pressure  on  and  oS). 

11.40-50  14  cc. 

11.50-60  20  cc.  ..  continuous). 

The  abdomen  being  now  emjity  the  pressures  were  once  more  measured, 
and  were  as  follows : — carotid  artery  100  mm.  Hg.,  jugular  vein,  20  mm.  Xa.,SO| 
(the  vein  collajjsing  now  with  each  inspiration),  femoral  vein,  70  mm.  Xa.,SOj. 
The  pressures  were  thus  practically  normal,  as  may  be  seen  by  comparing 
them  with  those  taken  the  next  day  by  one  of  us  (C.  Bolton)  on  a  normal 

*  Na„So,  stands  for  a  half  saturated  solution  of  sodium  sulphate.      12  nun.  Na._,Soj  may  be 
taken  as  roughly  equivalent  to  1  mm.  Hg.. 
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dog  weighing  6-3  kilos.  The  pressures  in  the  normal  dog  were  : — carotid 
artery.  95  mm.Hg..  jugular  vein,  28  to  38  mm.Na„So^  (collapsing  with  each 
insiiiration),  femoral  vein  (H  inches  below  Poupart's  ligament),  85mm.  Na.,8o^. 
The  lymph  flow  in  this  normal  dog,  which  can  be  regarded  as  an  average 
quantit}',  was  as  follows  : — 


Time. 

Lymph  Flow 

11.10-20 

3-25  cc. 

11.20-30 

2  cr. 

11.30-40 

2  cc. 

11.40-50 

2  cc. 

11.50-60 

1-35  cc. 

12.  0-10 

IScc. 

12.10-20 

2-5  cc. 

Although  the  pressures  had  returned  to  normal  in  the  dog  with  heart 
disease  there  was  no  diminution  in  the  lymph  flow,  as  will  be  seen  from  the 
following  record  : — 


Time . 

LjTnph  Flow 

12.  0-10 

16  cc. 

12.10-20 

15  cc. 

12.20-30 

16-5  cc. 

12.30-40 

14  cc. 

12.40-50 

13  cc. 

12.50-60 

12-5  cc. 

1.  0-10 

U  cc. 

1.10-20 

10-5  cc. 

1.20-30 

lie.-. 

1.30-40 

11-5  cc. 

1.40-50 

lice. 

1.50-60 

13  cc. 

2.  0-10 

lice. 

At  2.15  the  dog  was  killed  by  bleeding.  Unfortunately  we  did  not 
measure  the  whole  quantity  of  blood  by  washing  out  the  vessels.  Since, 
however,  500  cc.  of  blood  were  obtained  by  simply  bleeding  there  was 
evidently  a  condition  of  plethora  present.  In  the  normal  dog  mentioned 
above  300  cc.  were  all  that  could  be  obtained  without  washing  out  the 
vessels,  and  this  is  the  amount  that  one  expects  to  get  from  any  normal 
animal  of  the  same  size.  Examination  of  the  fluids  obtained  from  the  dog 
with  heart  disease  gave  the  following  results  : — 

Freezing  Point. 
—0-52  C. 
— 0-515  r. 
—0-515  C. 
—0-55  C. 
—0-62    C. 


Total  SoUds. 

Blood  serum 

7-71  percent. 

Peritoneal  Fluid 

6-lS 

Plemal  Fluid      .  . 

5-16 

LjTnph  before  tapping 

5-69 

Lymph  after  tapping 

— 
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Discussion    and    conclusions. 

Among  the  results  obtained  the  following  are  worthy  of  note  : — 

1.  As  has  been  shown  in  cases  of  heart  disease  in  man  the  arterial 
pressure  in  the  animal  at  rest  practically  corresponds  to  that  in  a  normal 
animal.    Chronic  heart  failure  does  not  involve  a  lowering  of  arterial  pressure. 

2.  Although  the  venous  pressures  were  somewhat  raised,  the  rise  in  the 
jugular  vein  was  minimal,  while  that  in  the  femoral  vein  was  chiefly 
conditioned  by  the  pressure  of  the  ascitic  fluid  on  the  inferior  cava.  On 
removal  of  this  fluid  the  pressures  became  normal.  The  only  important 
difference  between  this  animal  and  a  normal  animal  was  found  in  the  absence 
of  the  negative  pressure  during  inspiration,  so  that  at  all  phases  of  respiration 
there  was  probably  shght  positive  jjressure  in  the  big  veins  of  the  heart. 
These  results  are  in  accordance  with  those  obtained  bj*  Bolton'  in  his 
experiments  on  artificial  constriction  of  the  large  venous  trunks. 

3.  The  amount  of  circulating  blood  was  certainly  increased,  i.e.,  a 
condition  of  plethora  was  present.  The  presence  of  plethora  in  these  cases 
was  predicted  by  one  of  us"'  on  theoretical  grounds  many  years  ago,  and 
has  since  been  confirmed  by  Haldane's  method  in  various  cases  of  heart 
disease  in  man*. 

4.  In  the  same  publication  it  was  shown  that  even  a  slight  rise  of  venous 
pressure  in  the  inferior  cava  near  the  heart,  especially  if  associated  with 
stagnation  of  the  blood,  would  tend  to  j^roduce  increased  lymph  production 
from  the  vessels  of  the  liver,  and  therefore  an  increased  flow  of  h'mph  from  the 
thoracic  duct.  The  large  but  rapidly  decreasing  lymph  flow  obtained  on 
first  inserting  a  cannula  into  the  thoracic  duct  seems  to  indicate  that  there 
was  a  definite  obstruction  to  the  emptjnng  of  lymph  into  the  venous  system, 
for  which  the  absence  of  the  normal  negative  inspiratory  venous  pressure 
may  probably  be  held  responsible.  Towards  the  close  of  the  observation, 
however,  the  venous  pressures  were  normal,  while  the  lymph  flow  remained 
at  a  height  three  to  four  times  as  large  as  that  obtained  from  a  normal 
animal.  We  are  not  in  a  position  to  saj'  whether  this  increased  flow  was  an 
index  of  increased  lymph  production,  and  therefore  of  some  change  in  the 
blood  vessels  leading  to  abnormal  permeabilitj-,  or  whether  it  was  due  to 
a  continued  draining  off  of  Ivmph  from  the  h'mph  spaces  which  had  been 
over-filled  during  the  previous  condition  of  ascites. 

Experiments  on  the  production  of  j^leural  effusion-  have  shown  that  in 
all  probability  the  primary  seat  of  this  production  is  in  the  tissues  of  the 
mediastinum.  It  is  worthy  of  note  that  directly  the  carotid  sheath  was  opened, 
and  with  it  the  posterior  mediastinal  tissues,  for  the  jDurpose  of  exposing 
the  thoracic  duct,  these  tissues  were  found  to  be  cedematous,  fluid  weUing  up 
in  the  bottom  of  the  wound. 
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5.  Although  during  the  course  of  the  observation  250  ec.  of  lymph 
were  withdrawn  from  the  animal  the  arterial  blood-pressure  continually 
improved,  rising  from  90  mm.  Hg.  at  the  beginning  of  the  observation  to 
110  mm.  Hg.  just  before  the  animal  was  killed.  It  is  probable  that  the 
withdrawal  of  fluid  from  the  lymphatic  system  acted  very  much  as  a  moderate 
bleeding  would  under  the  same  conditions,  and  by  a  diminution  of  the  total 
volume  of  the  circulating  blood  served  to  relieve  the  distension  at  the  venous 
end  of  the  heart,  so  enabling  it  to  beat  more  effectively. 

In  consequence  of  the  rarity  of  these  cases  we  have  thought  it  worth 
while  to  put  this  isolated  case  on  record.  We  hope,  however,  that  we  shall 
have  further  opportunities  of  investigating  similar  cases  and  of  clearing 
up  many  points  which  still  remain  obscure. 
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SIXU8    ARRHYTHMIA.    ASSOCIATED    WITH    AXGIXAL    ATTACKS 
OF    A    VASOMOTOR    TYPE. 

By    KEXXETH    H.    STOKES. 
(  Universitif  College   Hospitnl,   London.) 

We  are  accustomed  to  think  of  sinus  arrln-thmia  as  an  irregularity  belonging 
to  childhood  and  earlj-  adult  life.  The  mechanism  in  this  example  of 
disordered  cardiac  rhythm  was  first  considered  and  carefuUj*  described  by 
Mackenzie'  under  the  title  of  "  Y'outhful  irregularitj-.'"  It  is  of  very  common 
occurrence  in  children  at  or  about  the  age  of  puberty,  when  the  pulse  finally 
decreases  in  rate  and  assumes  the  rhythm  which  persists  during  the  remainder 
of  adult  life.  As  a  rule  it  is  definitely  related  to  resi^iration.  In  those  who 
manifest  it,  the  long  pauses  occur  with  the  natural  expirations,  the  quickening 
with  inspiration.  In  the  adult,  there  is  commonly-  no  trace  of  alteration  in 
the  frequency  of  the  pulse  during  quiet  respiration,  but  with  forced  or  laboured 
breathing,  alterations  of  rhythm  are  ^^  ell  known  to  occur.  In  dogs,  respiratory 
irregularity  is  the  rule,  and  is  well  marked  even  when  the  animals  are  asleep. 
Both  in  the  human  subject  and  in  the  lower  animals,  the  irregularity  of 
rhythm  is  universally  attributed  to  waxing  and  waning  of  ^■agal  tone,  for 
it  is  completely  abolished  by  section  of  the  vagi  in  the  latter.  In  the  healthy 
adult,  these  disturbances  of  jmlse  frequency  are  practically  unknown  in  a 
marked  form,  but  as  Mackenzie  stated,  they  are  not  uncommon  subsequent 
to  fel)rile  attacks  or  in  adults  upon  recovery  from  broken  compensation. 

The  sinus  irregularity  which  is  here  described  is,  so  far  as  I  know,  almost 
unique  in  its  grade  ;  it  is  associated  with  slow  action  of  the  heart  and  with 
frequent  attacks  of  an  anginal  nature.  I  am  indebted  to  Dr.  Sidney  Martin 
for  opportunities  to  investigate  the  case  and  for  permission  to  place  it  on 
record,  and  to  Dr.  Lewis  for  the  curves  and  their  interpretation. 


History,  etc. 

H.  !M.,  aged  36,  a  companion  and  a  single  woman,  was  admitted  to 
Universitj'  College  Hospital  on  20th  April,  1900,  for  observation  upon  the 
condition  of  her  heart.  She  had  large  fibroids  of  the  uterus  associated  with 
irregular  catamenia  and  considerable  uterine  pain.     The  main  purpose  of 
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her  stay  in  hospital  was  to  ascertain  the  desirabihty  of  operative  interference 
with  these  tumours. 

The  family  history  is  of  little  interest.  The  father  died  of  lieart  failure,  and  the  mother  of 
consumption.     Her  two  brothers  are  both  dead  of  causes  imknowTi ;    there  were  no  sisters. 

Previous  History. — At  10  years  of  age  she  had  rheumatic  fever,  and  when  12  years  old 
typhoid  fever.  One  year  ago  she  was  laid  up  with  pleimsy.  In  habits  she  has  been  quite 
temperate:  her  social  condition  is  good,  her  work  light,  but  tlie  lioiu-s  of  work  long. 

The  present  illness. — Her  present  sj'mptoms  have  been  of  ten  j-ears' 
duration,  and  during  that  time  she  has  suffered  from  attacks  of  pain  in  the 
left  side  of  the  chest,  associated  with  severe  palpitation  and  faintness.  The 
pain  starts  in  the  precordial  region  and  radiates  from  this  situation  to  the 
left  shoulder,  down  the  inner  side  of  the  upper  arm,  extending  down  and 
across  to  the  radial  side,  into  the  thumb  and  adjacent  fingers.  The  pain  is 
associated  with  considerable  anxiety  and  distress,  and  a  sensation  of  con- 
striction in  the  chest  and  inabihty  to  draw  the  breath.  At  times,  and  in  the 
severer  attacks,  the  radiation  is  more  extensive,  both  sides  of  the  neck  are 
affected  and  also  the  right  side  of  the  chest.  The  pains  are  only  acute  during  the 
attack,  but  soreness  persists  and  is  accompanied  by  hjqaer-sensitiveness  of 
the  corresponding  areas  of  skin  for  24  to  36  hours  subsequently.  Numbness 
and  tingling  of  the  fingers  of  the  left  hand  are  almost  continuously  present. 
The  attacks  are  very  frequent  but  variable  in  their  occurrence  ;  thus  there 
may  be  intervals  of  weeks  or  months  over  which  none  are  experienced,  while 
at  other  times  they  succeed  each  other  within  seven,  four  or  even  two  days. 
They  usually  start  in  the  evening  and  are  of  about  10  minutes' duration  ; 
they  vary  greatly  in  intensity.  She  does  not  think  that  they  have  been  more 
frequent  of  late,  and  knows  of  no  definite  cause  to  which  to  attribute  them. 
She  has  noticed  that  her  hands  become  white  and  insensitive  directh'  before 
and  during  the  attacks.  She  recognises  their  imminence  by  this  means  and 
by  a  general  sense  of  uneasiness  and  distress  which  may  be  present  for  some 
little  while  prior  to  the  onset  of  the  more  severe  symptoms. 

Condition. — The  general  impression  conveyed  upon  examination  was 
that  of  a  patient  with  a  delicate  constitution,  and  an  excitable  temperament. 
She  was  comfortable  and  in  no  distress.  There  were  no  signs  of  broken 
compensation.  The  pulse  was  slow  (45  to  the  minute),  and  markedly 
irregular  ;  the  arteries  were  slightly  sclerosed  and  the  tension  somewhat 
raised  (S.  B.  P.  150  mm.  Hg.*).  The  heart's  apex  beat  was  in  the  fifth  inter- 
space, 4  inches  from  the  midsternal  line.  The  left  limit  of  cardiac  dulness 
was  4  inches,  the  right  limit  0  inches  from  the  same  point.  The  cardiac  sounds 
were  clear  and  loud,  and  at  the  apex  a  blowing  systolic  murmur  was  present. 
The  lungs  were  free  from  abnormal  phj-sical  signs.  Abdominal  and  pelvic 
examination  confirmed  the  diagnosis  of  uterine  fibroids.  The  urine  was 
normal  and  nothing  was  detected  in  the  nervous  system. 

*  Reading  with  Martin's  modification  of  Ri\a  Rocci's  instrument. 
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Special  examixatiox  of  the  heart. 

Xumerous  polygraph  curves  were  obtained  and  are  illustrated  by  the 
accompanying  figures. 

The  irregularit}'  as  it  presented  itself  at  first  is  illustrated  b\-  Fig.  3, 
and  consists  of  short  and  long  beats  placed  in  haphasard  relation  to  each 
other.  Measurements  of  the  beats  show  that  \vhere  a  long  pause  succeeds 
more  than  one  shorter  pause,  the  length  of  the  longer  pause  is  approximately 
or  actually  double  that  of  the  pause  directly  preceding  it.  This  is  shown 
in  two  places  in  the  figure.  Beats  which  succeed  the  longer  pauses  are 
invariably  somewhat  increased  in  length  as  compared  to  the  shorter  beats 
already  referred  to. 

The  tracing  was  taken  during  a  period  of  suspended  breathing.  On 
most  subsequent  occasions  when  curves  were  taken,  the  irregularity  showed 
a  definite  relationship  to  respiration,  but  otherwise  exhibited  much  the  same 
characteristics.  An  example  is  given  in  Fig.  1,  and  the  tracing  includes  a 
simultaneous  respiratory  curve.  To  the  left  the  breathing  is  natural,  and 
near  the  summit  of  each  inspiration  a  shortened  pause  occurs.  With  forced 
breathing,  as  seen  in  the  last  part  of  the  same  figure,  the  irregularitj-  maintains 
its  relationship  to  the  breathing,  but  is  much  more  marked.  While  the 
relationship  to  respiration  was  beyond  cj^uestion,  it  was  not  invariably  a  jjure 
respirator}-  arrhythmia  ;  thus  Fig.  2  shows  two  j^hases  of  more  rapid 
pulsation,  and,  on  the  susi^ension  of  breathing,  the  heart  becomes  regular  and 
slow  ;  but  at  one  point  a  shortened  pause  disturbs  the  otherwise  almost 
regular  rh^-thm.  The  same  relationshii)  to  respiration  is  depicted  in  Fig.  4, 
in  which  the  long  jjauses  occur  at  eveiy  third  beat. 

In  Fig.  5  they  are  present  at  every  fourth  beat,  and  in  these  two  figures, 
the  relationship  of  the  length  of  the  long  beat  to  the  length  of  the  short  beat 
directly  preceding  it,  or  to  the  two  short  beats  in  the  case  of  Fig.  5,  is  very 
striking.  In  both  these  curves,  too,  the  beat  succeeding  the  lengthened 
pause  is  invariabh-  increased  in  length. 

The  mechanism,  so  far  as  it  has  been  examined,  appears  to  consist  of  a 
normal  rhj-thm  intercepted  by  longer  pauses  of  variable  frequency  in  their 
incidence.  On  rare  occasions,  long  intervals  occur,  over  which  long  pauses 
alone  are  met  with.  An  example  is  given  in  Fig.  6,  where  the  pulse  rate 
is  approximately  39  per  minute.  At  other  times  with  natural  breathing, 
the  pauses  in  the  radial  pulse  are  of  verj^  irregular  length,  and  the  longest 
(Fig.  7)  show  no  relationship)  to  the  preceding  pauses.  At  the  same  time, 
a  similar  general  type  of  irregularity-  is  present,  for  each  of  the  notably  long 
pauses  is  succeeded  by  two  or  more  beats  of  a  rhythm  in  which  the  rate  is 
gradually  increasing.  It  is  apparent  that  we  are  dealing  with  an  arrhythmia 
of  a  ver}-  definite  type,  but  which  is  complicated  bv  more  than  one  factor. 
It  is  an  irregularit}-  in  which  auricle  and  ventricle  always  jjartici^^ate  to  a  hke 
extent,  for  each  beat  of  the  ventricle  is  preceded  by  an  auricular  wave,  a, 
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in  the  jugular  pulse.  Cardiograms  show  no  trace  of  any  beats  other  than 
those  depicted,  and  a  precisely  similar  observation  applies  to  long  electro- 
cardiographic curves  •which  were  also  obtained.  The  question  which  first 
offers  itself  for  discussion  is  the  nature  of  the  long  pauses,  treated  individually. 
The  definite  relationship  of  the  lengths  of  these  pauses  to  those  of  preceding 
beats  is  so  frequent  and  so  constant,  as  to  suggest  the  presence  of  a  sino- 
auricular  block,  such  as  has  been  recorded  as  the  interpretation  of  an 
irregularity  by  Wenckebach'. 

In  examples,  such  as  those  shown  in  Figs.  3,  4  and  5,  such  an  explanation 
would  suffice.  The  increased  length  of  those  beats  which  directly  succeed 
the  longest  pauses*  may  be  due  to  a  shortening  of  the  preceding  Ss-As 
interval.  In  examples,  such  as  that  shown  in  Fig.  7,  the  interpretation 
will  not  hold,  and  curves  of  this  nature  convey  a  doubt  as  to  whether 
we  are  justified  in  assuming  sino-auricular  block,  even  in  clear  instances 
where  in  an  otherwise  regular  rhj'thm  an  occasional  dropped  beat  is  present, 
auricle  and  ventricle  participating. 

We  cannot  escape  the  conclusion  that  the  mechanism  in  this  instance 
is  the  result  of  alterations  of  vagal  tone,  for  the  irregularity  is  usually 
entirely  subservient  to  respiration.  This  in  itself  would  not  exclude 
the  possibility  of  a  depression  of  sino-auricular  conductivity  as  a  basal 
factor  in  the  mechanism  of  production  of  the  long  pauses.  At  times,  as  we 
have  seen,  the  irregularity  may  occur  in  the  absence  of  breathing  ;  this 
likewise  does  not  exclude  the  vagus  as  the  cause  of  the  varying  lengths  of  the 
beats.  A  direct  test  was  therefore  attempted  soon  after  the  admission  of  the 
patient  and  at  a  time  when  the  pulse  rate  lay  consistently  between  40  and  52 
per  minute;  belladonna  was  given  in  doses  of  5  minims  of  the  tincture  at  inter- 
vals of  4  hours,  and  was  steadih^  increased  during  the  next  few  days  until 
a  dosage  of  half  a  drachm  was  reached.  Further  than  this  the  dose  could 
not  be  carried,  as  the  drug  distressed  the  jjatient.  But,  though  the  long  pauses 
were  never  absent  at  any  time,  j'et  the  pulse  rate  increased  at  frequent 
intervals  to  rates  of  80  and  100,  and  such  rates  had  never  been  met  with 
during  the  first  five  days  of  observation,  when  no  drugs  were  employed. 

The  conclusion,  therefore,  seems  to  be  that  the  doses  of  atropine 
administered  were  distinctly  influential  in  cutting  down  the  frequency  of  the 
long  pauses  responsible  for  the  usual  slow  pulse  rate  ;  and  the  observation 
supphes  confirmatory  evidence  that  the  arrhythmia  as  a  whole  was  of  vagal 
origin. 

Attacks  of  angina  pectoris. 

While  in  hospital  the  patient  experienced  several  attacks  of  angina 
jDectoris,  and  the  account  of  her  symptoms  previousl}'  given  was  confirmed. 
Seen  in  several  of  them,  the  following  observations  were  made : — The  earliest 

*  A  similar  phenomenon  is  well  seen  in  a  parallel  and  experimental  irregularity  recorded  by 
Hering  (Zeitschr.  f.  exper.  Pathol,  w.  Therap.,  1906,  m,  Fig.  3K). 
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Fig.  5.      X  J't    linear.     The   same ;  the  long   pauses  occur   at   each  fourth   beat.     Numerical 
relationships  are  very  exact. 


Fig.  0.     A  curve  consisting  of  long  beats  only  ;   suspended  respiration. 


Fig.  7.      X  J'^  linear.     An  example  of  an  arrhythmia  occasionally  shown.      The  lengths  of  pauses 
show  no  definite  numerical  relationship. 
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sign  of  onset  was  the  blanching  of  the  face  and  extremities,  and  it  was 
accompanied  by  great  precordial  distress  and  urgent  dyspnoea.  With  the 
increasing  distress  the  patient  often  became  speechless  and  rigid,  clutching 
to  the  sides  of  the  bed  for  su^^port.  The  expression  was  anxious,  the  pulse 
rate  was  invariably  markedly  increased,  rising  to  110  or  146.  The  jDulse 
was  sometimes  irregular  at  these  rates  ;  but  no  tracings  were  obtained  at 
such  times.  As  a  rule,  the  rate  was  maintained  until  the  end  of  the  attack  ; 
on  one  occasion  it  was  not  sustained.  As  the  attack  proceeded,  slight 
cyanosis  of  the  lips  was  manifest  and  the  extremities  became  cold  and 
clammy.  Blood  pressure  observations  during  many  of  the  attacks  showed 
constant  results*.  Three  series  of  observations,  the  most  perfect,  are 
included  in  the  accompanying  table  : — 


First  attaok  (Oth  June). 

Time. 

Blood-pressure. 

Pulse 

7.   0  p.m. 

114 

44 

9.20     ..       onset 

114 

10 

9.23     .. 

154 

68 

9.26     .. 

150 

68 

9.31     ., 

150 

68 

9.37     .. 

142 

50 

10.  0     .. 

140 

52 

10.15     .. 

130 

40 

11.  0     „ 

130 

44 

Second  attack  (12th  JuneV 

7.   0  p.m. 

130 

56 

9.10     „      (shortly  after  onset) 

170 

132 

9.15     .. 

170 

140 

9.20     ,. 

130 

60 

9.35     ., 

120 

52 

10.  0     „ 

120 

56 

Third  attack  (14th  July). 

7.  0  p.m. 

130 

46 

10.22      „      (onset) 

130 

124 

10.25      ., 

164 

146 

10.28     ., 

168 

140 

10.31      „ 

168 

72 

10.34     „ 

124 

50 

10.45      ,. 

124 

54 

11.   0     .. 

120 

54 

From  the  usual  S.  B.  P.  of  110  to  130,  a  sudden  rise  to  150,  160  or  170 
was  an  invariable  accompaniment  of  the  angina.  With  the  offset  of  the 
attack,  the  increased  pulse  rate  and  B.P.  gradually  subsided,  and  the  patient 
lay  in  a  semi-collapsed  state,  shivering  violently.  The  temperature  was  never 
raised.    Subsequent  to  the  attack,  exhaustion  and  headache  were  frecjuent. 


*  The  rise  of  blood-pressure  was  not  the  result  of  the  rigidity  before  mentioned.     The  limbs 
were  relaxed  at  the  times  when  the  observations  were  made. 
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Cutaneous  tenderness  was  almost  universal,  but  was  specially  marked  over 
the  left  chest,  in  the  neck,  down  the  inner  surface  of  the  left  upper  arm  and 
the  radial  border  of  the  same  forearm.  Deep  tenderness  was  also  noted  in  the 
jjectorals  and  deltoid  of  the  left  side.  Pressure  in  the  intercostal  spaces  in  the 
left  axilla  could  not  be  borne,  and  frequently  the  sterno-mastoids  were  too 
sensitive  to  allow  the  application  of  the  polygraph  receiver.  Otherwise 
nothing  abnormal  was  noted.  The  heart  was  never  dilated  during  the 
attack,  the  percussion  limits  being  identical  with  those  preceding  it. 

The  patient  has  more  recently  submitted  to  operation,  in  which  a  partial 
hysterectomy  was  performed.  Subsequent  to  the  operation,  the  jDulse  was 
frequent  and  regular  for  long  intervals  and  for  several  days.  As  a  rule,  in 
long  strijis  of  curve,  only  occasional  pauses  were  recorded.  The  length  of  a 
pause  was  always  exactly  double  that  separating  two  normal  beats.  During 
the  whole  of  this  time  the  ^^atient  complained  in  a  minor  degree  of  precordial 
anxietj-  and  of  tenderness  of  the  skin  areas.  On  one  or  two  occasions 
definite  anginal  attacks  occurred.  Later,  these  subsided  and  the  original 
pulse  irregularity  returned. 


Discussion. 

The  symjDtomatology  of  the  attacks  shows  many  jjoints  of  resemblance 
to  the  original  symjjtom-complex  described  by  Nothnagel.-  The  radiating 
pains  so  characteristic  of  cardiac  seizures  form  a  i^rominent  feature  of  this 
case.  The  nature  and  distribution  of  the  pain  and  its  accompanying  symptoms 
is  in  every  way  similar  to  that  of  so-called  true  angina  jjectoris.  The  dis- 
turbances in  the  extremities  point  definitely  to  vaso-motor  changes  as  a  cause 
of  the  rise  of  blood  pressure,  but  that  this  increase  of  blood  pressure  was  not 
necessarily  the  cause  of  the  attacks  is  shown  by  the  fact  that  the  jDatient 
was  well  aware  of  her  danger  before  the  rise  of  pressure  took  j^lace.  It  is 
possible,  therefore,  that  in  this  instance  it  was  rather  the  result  than  the 
cause  of  the  seizure,  or  that  pain  and  augmented  pressure  arose  from  a 
common  cause.  The  increase  of  pulse  rate  during  the  attacks  may  be 
attributed  to  an  abeyance  of  that  increased  vagal  tone  to  which  has  been 
assigned  the  customary  diminution  of  heart  rate. 

It  is  the  jiossible  or  probable  association  of  central  nervous  disturbances 
conducted  along  two  separate  paths,  vaso-motor  and  inhibitory,  which  gives 
this  case  its  special  interest.  It  is  imjiossible  to  assert  definitely  in  what 
way  they  are  related  one  to  the  other,  or  to  the  underlying  cardiac  condition 
previously  described. 
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The  irregular  oscillations  seen  upon  galvanometric  curves  are  due 
to  an  inco-ordinate  contraction  of  some  portion  of  the  heart ; 
they  are  not  a  direct  result  of  structural  change  in  the  heart, 
and  are  independent  of  movements  of  the  somatic  mus- 
cidature   .  . 

The  irregular  oscillations  arise  in  the  vicinity  of  the  auricle  ;  the 
ventricular  electric  complex  in  complete  irregularity  is  of  the 
normal  form 

Certain  deductions  from  the  clinical  findings 
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333 


*  The  expenses  connected  with  this  work  have  been  largely  defrayed  by  grants  from  the  Royal 
Society  and  the  British  Medical  Association. 
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Historical    and    introductory. 

In  the  following  pages  an  account  of  a  specific  clinical  condition,  characterised 
in  the  great  majority  of  cases  by  complete  irregularity  of  the  arterial  pulse 
and  by  an  absence  of  all  signs  of  the  normal  auricular  contraction,  is  given. 

It  will  be  shown  that  the  type  of  irregularity,  which  is  one  of  the 
chief  features  of  the  condition,  is  the  commonest  jjersistent  irregularity 
exhibited  by  the  human  heart,  constituting  as  it  does  apjjroximately  50  per 
cent,  of  all  such  cases  ;  and  it  will  be  demonstrated  that  the  disturbance  of 
cardiac  rhythm  is  to  be  sought  in  the  auricle  and  attributed  to  temporary 
or  permanent  inco-ordination  of  the  musculature  of  that  chamber. 
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In  brief,  evidence  is  forthcoming  that  of  the  numeroiis  examples  of 
persistent  irregularity  of  the  heart  familiar  to  clinicians,  approximately 
50  per  cent,  are  the  result  of  auricular  delirium  or  fibrillation.* 

Our  acquaintance  with  the  facts  upon  which  this  final  conclusion  rests 
is  the  outcome  of  the  studies  of  a  large  body  of  workers.  A  retrospective 
survey  of  the  observations  upon  clinical  material  permits  the  recognition  of 
cases,  belonging  to  the  category  discussed,  over  a  period  of  many  years.  Fully 
possessed  of  the  facts,  we  may  trace  the  earlier  descriptions  of  the  condition 
along  two  lines  ;  and  it  is  mainly  upon  these  separate  paths  that  the  course 
of  observation  has  been  pursued,  and  pursued  until  quite  recent  years  by 
distinct  investigators.  The  earliest  graphic  observations  were  carried  out 
independently  upon  the  arterial  and  venous  systems.  The  two  paths  have 
converged  and  finally  have  met  during  the  last  decade.  For  this  union 
of  the  facts  derived  from  two  separate  sources  and  for  the  wide  range 
of  supplementary  knowledge  relating  to  the  condition,  we  are  indebted 
almost  exclusively  to  the  introduction  of  the  new  graphic  methods  of 
examining  the  cardiac  mechanism  which  are  now  at  our  disposal. 

On  the  one  hand  a  markedly  irregular  pulse,  especially  associated  with 
mitral  disease  in  its  later  stages,  «as  the  subject  of  stud}'  by  mechanical 
means  from  the  epoch  marked  by  the  introduction  of  the  sphygmograph. 
It  is  portrayed  by  Marey",  Rieger'''',  Sommerbrodt""and  many  other  writers. 
It  has  been  termed  the  '"  mitral  pulse,"  and  has  been  attributed  amongst 
other  causes  to  "  dehrium  of  the  heart."  It  has  passed  by  the  name 
of  Pulsus  arhythmicus  (Janowski-'),  and  by  the  name  Pulsus  irregularis 
(Riegel'^''').  It  has  been  identified,  in  a  classic  but  obsolete  nomenclature, 
\\ith  the  adjectives  irregularis,  intequalis,  deficiens  and  inteniiittens. 

On  the  other  hand,  a  prominent  systohc  pulsation  in  the  veins  of  the 
neck  was  described  by  Bamberger',  Skoda''  and  others,  and  was  attributed, 
and  has  long  since  been  held  as  due,  to  tricuspid  incompetence.  The 
subjective  timing  of  the  venous  pulsation  was  endorsed  by  Riegel""',  who 
obtained  the  first  graphic  records  of  the  movement ;  but  the  class  of  case  in 
which  such  pulsation  is  found  essentially  was  not  isolated,  neither  was 
its  full  significance  grasped,  until  the  more  exact  and  more  applicable  technique 
of  ^Mackenzie  was  introduced. 

It  is  since  the  year  1902,  when  the  "  Study  of  the  Pulse  "  was  pubhshed, 
that  chief  progress  has  been  made.  It  is  to  ^Mackenzie  that  we  owe  the 
definite  co-relation  of  the  two  phenomena,  gross  irregularity  of  the  heart 
and  the  systolic  venous  movement,  which  he  has  termed  the  "  ventricular 
form  of  venous  pulse."  In  the  work  referred  to"»,  this  writer  first  demonstrated 
their  frequent  association  and  ascribed  them  both  to  a  single  underlying 
condition,  namely,  paralysis  of  the  auricle.    A  year  later  Hering'\  describing 

*  Preliminary  notices  of  the  observations  have  appeared''  *  '■-'.  and  examples  of  the  curves 
were  demonstrated  before  the  Medical  Society  of  London  on  13tli  December.  1909.  and  before  the 
Pathological  Section  of  the  Roj  al  Society  of  Medicine  on  4th  January,  1910,  at  fniversity  College 
Medical  School. 
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the  arterial  pulse  alone,  laid  more  stress  upon  its  characteristics  and  spoke 
of  it  under  the  title  pulsus  irregularis  perpetuus*.  He  appears  to  claim'^  to 
have  implied,  by  the  use  of  this  term,  a  siDccific  type  of  rhythm,  but  the 
facts  brought  forward  in  his  paper  failed  to  carry  conviction  of  an  irregularity 
sui  generis.  The  recognition  of  its  specificity  has  been  arrived  at  gradually 
and  the  facts  supporting  the  conclusion  have  been  contributed  largely  by 
Mackenzie.  In  particular,  the  emphasis  which  he  laid  ujjon  its  frequent 
association  \vith  the  ventricular  form  of  venous  pulse  in  1904^'',  and  the  promi- 
nence given  to  this  observation  in  a  later  paper,  based  upon  an  examination  of 
500  cases'\  must  be  noticed.  But  in  reaUty  it  is  only  since  the  galvanometric 
examination  of  the  heart  has  been  available  that  the  probability  of  its 
specific  nature  has  grown  to  certainty. 

In  his  papers  of  1004-.5,  Mackenzie  ■'^"''  brought  forward  several  new  and 
important  facts,  and  most  striking  amongst  them,  in  the  light  of  our  present 
knowledge,  were  evidences  that  the  auricle  is  active.  Formerly  regarding 
the  auricle  as  paralysed,  because  no  sign  of  activity  could  be  found,  he 
attempted  at  this  time  to  separate  a  special  group  of  cases  in  which  auricular 
activity  was  considered  probable.  Auricular  activity  was  assumed,  ( 1 )  because 
the  auricle  was  found  hypertrophied  at  autopsy  ;  and  (2)  because 
certain  instances  were  observed  in  which  the  normal  rhythm  reasserted 
itself.  It  is  to  these  papers  more  especialh-  that  we  are  indebted  for  the 
observation  that  in  all  cases  of  complete  irregularity  of  the  heart  there  is  an 
entire  failure  of  signs  of  the  normal  auricular  contraction  during  diastole  ; 
and  further,  for  the  first  record  of  cases  of  this  nature,  in  which  it  is  probable 
that  little  dilatation  of  the  right  heart  and  little  triscuspid  regurgitation 
is  present.  His  earlier  view  that  the  condition  results  from  auricular 
distension  as  a  consequence  of  valve  incompetence  was  at  least  partially 
abandoned,  and  the  rhythm  was  ascribed  as  the  cause  rather  than  the 
result  of  the  eventual  dilatation.  In  1904  JIackenzie  postulated  the  view 
which  he  has  since  held,  that  in  many  cases  the  seat  of  the  rhythm  is  in  the 
junctional  fibres  h'ing  between  auricle  and  ventricle,  and  by  conceiving 
the  simultaneous  contraction  of  auricle  and  ventricle  in  response  to  impulses 
from  this  single  source  attempted  to  explain  the  absence  of  every  sign 
of  normal  auricular  contraction  which  he  had  demonstrated  to  be  one  of  the 
chief  features  of  such  cases.  In  1906  Hering"'  reahsed  the  correctness  of 
Mackenzie's  assertion  that  the  completely  irregular  pulse  when  once 
established  is  not  of  necessity  perpetual.  In  1907  Theopold'^- described  cases 
confirming  the  view  that  the  rhythm  is  not  a  secondary  phenomenon  to 
tricuspid  leakage. 

In  1907-8  3Iackenzie  '^'^  "■  adopted  the  hyiJothesis  of  the  nodal  origin  of 
the  rhythm  more  generally,  holding  the  node  of  Tawaraj  to  be  the  seat  of 


*  The  qualification  "  perpetual  "  has  since  been  discarded. 

t  A  specially  differentiated  structure  at  the  auricular  side  of  the  jvmctional  tissues  between 
auricle  and  ventricle. 
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disturbance  in  all  cases  of  complete  irregularit}'  found  in  combination 
with  the  sj'stohc  form  of  venous  pulse.  He  therefore  included  all  such 
cases  under  the  term  "  nodal  rhythm."* 

Hering^"^  has  recentlj^  added  evidence  of  the  supraventricular  formation 
of  the  ventricular  impulses. 

Such  is  the  historj'  of  the  main  steps  in  the  attempt  to  unravel  the 
jjroblem  of  the  mechanism  ujjon  which  the  symptomatology  is  dependent, 
and,  for  the  time  being,  this  brief  account  will  suffice.  Papers  relating  to  the 
subject  have  been  prolific,  a  mass  of  detailed  knowledge  has  accumulated, 
discussion  has  been  unrestrained  and  speculation  has  oftentimes  exceeded  the 
limit  warranted  bj'  the  facts.  Further  reference  to  the  work  of  previous 
observers  will  be  made  more  conveniently  under  the  various  headings  and 
sub-headings  which  follow. 

A    GENERAL  ACCOUNT   OF   COMPLETE  IRREOrLAEITY   OF  THE   HEART. 

The  following  account  of  the  condition  is  based  upon  a  close  studj-  of 
seventy-three  cases  from  all  of  which  simultaneous  radial  and  venous  curves, 
and  from  thirty  of  which  electrocardiographic  curves,  have  been  taken.  The 
clinical  polygraph  and  Mackenzie's  ink  polygraph,  fitted  with  specialh*  light 
writing  points  and  arranged  with  a  considerable  reduction  in  the  air  content 
of  the  transmission  apparatus,  have  been  employed  in  obtaining  records  of 
pulsating  areas.  The  electrocardiograms  have  been  obtained  with  Edelmann's 
large  jjattern  of  the  string  galvanometer  of  Einthoven.  During  the  earlier 
days  when  the  work  was  in  progress,  the  electrodes  consisted  of  baths  of  salt 
solution  in  which  zinc  terminals  were  immersed,  but  the  greater  part  of  the 
investigation  has  been  carried  out  with  non-polarisable  electrodes  consisting 
of  zinc  rods  immersed  in  saturated  zinc  sulphate  solution,  the  last  held  in  a 
porous  jar  itself  h'ing  in  the  salt  solution.  Simultaneous  radial  or  venous  and 
electrocardiographic  curves  have  been  secured  by  adding  parts  of  the 
Mackenzie  polygraph  to  the  galvanometric  outfit.  The  patients  were  always 
in  the  same  room  with  the  apparatus  while  the  records  were  taken. 

Frequency. 
Complete  irregularity  of  the  heart  is  a  very  common  condition.    During 
two  years  of  observation  114f  cases  of  persistent^  irregularity  of  the  heart 


*  On  the  Continent  the  rhythm  is  variously  described  as  "  chronic  arhytlimia,"  "  arhythraia 
perpetua,"  etc. 

•f  I  have  excluded  entirely  all  cases  of  irregularity  which  I  have  seen  since  the  first  annovincement 
of  my  view  of  the  mechanism  present  in  complete  irregularity  of  the  heart.  For  since  that  date 
I  am  unable  to  affirm  that  the  cases  presenting  themselves  have  been  impartially  chosen.  It  is 
on  this  account  that  the  nimiber  of  cases  of  comiilete  irregularity  from  which  the  conclusions 
as  to  the  mechanism  are  draw-n  exceed  those  mentioned  in  the  statistical  account  wliich  is 
now  given. 

J  By  persistent  irregularity  I  denote  cases  in  wliich,  from  time  to  time,  irregularity  is  a  notable 
featiu'e  of  the  case.  Cases  in  whicli  single  extrasystoles  at  long  intervals,  or  cases  in  which  numerous 
extrasystoles  have  been  observed  only  on  one  or  two  occasions  have  been  excluded. 
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have  been  examined  and  the  mechanism  analysed  in  each  case.     These 
cases  subdivide  themselves  as  follows  : — 


1)  Complete  irregularity  of  the  heart 

2)  Ventricular  extrasystoles 

3)  Auricular  extrasystoles 

4)  Irregularity  due  to  heart-block 

5)  Gross  sinus  irregularities 

6)  Complex  irregularities  and  paroxysmal 

tachycardias    .  . 


57 

34 

11 

3 

3 

6 


We  see,  therefore,  that  of  114  cases  57  were  of  the  form  under  con- 
sideration, constituting  50  per  cent,  of  the  total  number.  With  the 
exception  of  groups  4  and  6,  the  cases  were  in  no  way  selected.  All  cases 
of  persistent  irregularity  which  have  been  observed  during  the  course 
of  my  out-patient  clinic  at  the  City  of  London  Hospital  for  Diseases  of 
the  Chest,  and  all  cases  of  the  same  sort  to  which  my  attention  has  been 
directed  amongst  the  indoor  patients  at  University  College  Hosijital  have 
been  included. 


Etiology  (based  upon   73  cases). 

Of  the  sexes  affected,  43  were  males  and  30  females. 

The  age  limits  in  this  series  are  13  to  84.  The  average  age  is  41-9 
(67  cases). 

As  regards  the  remaining  etiological  features  examined,  they  are 
included  in  the  accompanying  table. 

It  will  be  seen  that  a  history  of  rheumatism*  or  chorea  has  been  present 
in  26  cases  ;  in  3  additional  cases  at  least  there  was  a  history  of  one  or 
other  in  the  family  alone.  Amongst  the  remainder  mitral  stenosis  was 
present  in  16,  pericardial  adhesions  in  one  case,  and  subacute  streptococcic 
endocarditis  in  one  case.  Of  64  cases  29  were  of  undoubted  rheumatic 
predisposition,  or  had  actually  suffered  from  joint  affection  or  chorea. 
In  addition,  in  18  instances  the  rheumatic  taint  was  open  to  suspicion. 
The  total  of  47  cases  may  be  included  in  a  rheumatic  group,  and  for  the 
most  part  these  patients  are  amongst  the  youngest  of  the  series.  (The 
average  age  of  45  cases  of  the  rheumatic  group  was  34-2  ;  that  of  22  cases 
of  the  non-rheumatic  grouj)  57-7.)  37  cases  or  52  per  cent,  were  instances  of 
mitral  stenosis,  and  the  relationshiiJ  to  this  form  of  valvulitis  is  so  definite 
that  additional  figures  relating  to  it  may  be  given.  In  dealing  specially  with 
mitral  stenosis  I  chose  only  those  cases  which  came  to  my  out-patient 
department,  for  the  majority  of  the  cases  of  mitral  stenosis  admitted  to  the 

*  As  a  criterion  of  rheumatism  I  have  taken  a  past  diagnosis  of  rheumatic  fever,  or  the  history 
of  an  acute  illness  with  swelling  and  pain  in  several  joints. 
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general  wards  have  disordered  heart  rhythm.  Of  72  cases  of  mitral  stenosis 
collected  in  this  way  (in  each  and  all  of  which  curves  have  been  obtained), 
57  presented  the  normal  sequence  of  chamber  contraction,  and  15  or 
20-8  per  cent,  exhibited  complete  irregularit)^  of  the  heart. 


DIAGNOSIS. 


Rlieuniatic 
history 


ilitral  stenosis     . 
Complete  irregiilarity 
Pericardial  adhesions 
Granular  kidney 


21 


Rheumatism  or  chorea  in 
family 

No  history  of  rheumatism 
or  chorea 

Not  noted 

'  Mitral  stenosis     .     . 

Complete  irregularity  . 

ilitral  stenosis     . 

Arterial  disease  .     . 

Complete  irregularity  . 

Granular  kidney .     .     . 

Aortic  disease      .     .     . 

Aneiu-ism 

Emphysema  and  br.     . 

Strepto.  endocarditis   . 

Pericardial  adhesions  . 

Tuberculous  pleurisy    . 

Chronic  alcoholism 
^  Pneumonia     .... 

Mitral  stenosis     .     .     . 

Not  noted 
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The  sytnptojns. 

For  the  purpose  of  studying  the  symptomatology  of  complete  irregularity 
of  the  heart  those  patients  have  been  selected  in  whom  the  irregularity  and 
its  concomitant  phenomena  were  alone  jJresent.  Dilatation  and  signs  of 
valvular  lesion  were  absent,  and  the  remaining  organs  appeared  to  be  normal. 
Cases  in  which  the  affection  is  paroxysmal  are  also  important  from  this 


AURICULAR    FIERI  LL  AT  10  N.  313 

point  of  view,  and  are  included.  This  selection  permits  the  exclusion  of 
certain  symptoms  which  are  not  referable  to  the  irregularity  itself.  It  must 
be  acknowledged  that  the  subjective  manifestations  are  few  in  number,  and 
that  they  may  be  almost  entirely  absent.  A  certain  degree  of  short-windedness 
during  or  after  exertion,  an  occasional  fluttering  in  the  neck  or  chest  may 
be  experienced.  A  general  feeling  of  ill-health,  often  associated  with  easy 
exhaustion,  is  not  uncommon.  Gastric  discomfort  and  loss  of  appetite  are 
not  infrequent.  The  symptoms  are  more  prominent  in  nervous  subjects. 
Such  are  the  main  disturbances  in  cases  in  which  the  ailment  is  of  short 
standing. 

There  appears  to  be  a  special  symptomatology,  or,  speaking  more 
correctly  jierhaps,  a  more  profound  disturbance  at  the  time  of  the  onset 
of  the  irregularitj'.  The  actual  onset  has  probably  never  been  recorded, 
but  the  symptoms  and  observations  at  or  about  the  onset  all  point  to  its 
being  as  sudden  as  it  is  in  the  case  of  regular  ^oaroxysmal  tachycardia. 
In  all,  one  case  of  onset  in  which  the  arrhythmia  became  persistent  and  five 
cases  of  the  paroxj^smal  type  of  complete  irregularity  have  come  under  my 
own  observation.  In  the  first  case  the  irregularity  commenced  while  the 
patient  lay  in  bed,  and  shortly  after  waking.  He  was  seized  with  violent 
palpitation  in  the  chest,  a  choking  feeling  in  the  throat,  and  inability  to 
"  catch  his  breath."  The  heart  was  observed  by  him  to  be  beating  very 
rapidly  and  irregularly.  The  symptoms  lasted  15  minutes  and  were  relieved 
by  brandy,  but  the  irregularity  is  said  to  have  continued  until  he  was  next 
seen;  it  has  been  present  ever  since  {CASE  11).  In  three  paroxysmal 
cases  [CASES  2  and  10  and  Fig.  9)  the  change  from  one  type  of  mechanism 
to  the  other  occurred  without  apjjreciable  manifestations*  of  a  subjective 
nature  and  usually  passed  unrecognised.  In  one  of  these  cases  there  were 
physicalsigns  pointing  to  thoracic  aneurism  and  anginal  attacks  were  frequent, 
but  no  relationship  could  be  traced  between  the  anginal  attacks  and  the  change 
of  heart  action.  In  a  fourth  paroxysmal  case  the  first  attack  was  accompanied 
by  great  jjrostration,  pallor,  fainting,  and  tonic  contraction  of  the  arms  and 
legs  (simulating  tetany).  In  the  fifth  case  two  attacks  occurred.  The 
patient  was  admitted  suffering  from  streptococcic  endocarditis,  and  post- 
mortem a  large  ulcerated  area  was  found  in  the  right  auricle.  The  first 
attack  produced  great  prostration,  exhaustion,  and  violent  palpitation. 
The  second  attack,  which  was  similar,  proved  fatal. 

The  cases  which  have  come  under  observation  show  that  the  paroxysms 
may  last  a  few  hours  or  several  weeks  or  months.  The  symptoms,  when 
present,  seem  to  be  more  marked  at  the  commencement  of  the  irregularity. 

The  symptomatology  in  the  majority  of  patients,  cases  in  which  obvious 
valvular  disease  or  dilatation  is  present,  is  that  of  decomiJensation  in  its 
various  degrees.  It  is  not  in  any  way  identified  with  the  condition  of 
irregularity  itself. 


*  In  one  of  tliese  the  change  was  from  an  attack  of  paroxj'smal  auricular  tachycardia  to  complete 
irregularity  (Fig.  9). 
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For  further  accounts  of  the  symptomatology  in  this  condition  reference 
may  be  made  to  the  writings  of  Mackenzie,  and  to  a  recent  paper  by 
Hewlett". 

The  radial  pulse  curves. 

The  character  of  the  radial  pulse  curves  in  complete  irregularity  of  the 
heart  is  so  striking  that  it  could  not,  and  as  we  have  seen  did  not,  escape 
early  attention. 

Several  tracings  of  the  arrhythmia  are  given  by  Marey"  (Figs.  199  to  204) 
as  examples  of  the  pulse  in  mitral  insufficiency.  The  same  type  of  pulse  is 
figured  by  Fagge"  (Fig.  3),  Mahomed''  (Plate  iV,  Figs.  7, 13  and  16),  Walshe"= 
(Plate  I,  Figs.  8,  10  and  11),  Sansom'"' (Figs.  112,  122b,  159,  160,  163,  etc.), 
SteelP'  (Figs.  9,  10,  42  to  44,  49,  59,  60,  75,  76,  78  to  82,  86  and  89),  and 
by  Broadbenf-  (Figs.  27  and  36).  Numerous  figures  will  be  found  in 
Mackenzie's  books. 

The  irregularity  is  of  the  most  varied  descrii^tion.  The  pulse  may  be 
slow  or  fast,  and  the  variation  in  rate  is  great  (30  to  200).  The  beats  may  be 
all  of  small  excursion  ;  more  commonly  there  is  a  haphazard  intermingling 
of  forcible  and  weak  contractions,  and  the  latter  are  often  markedly  dicrotic. 
The  radial  pulse  is  often  but  an  indifferent  index  of  the  rate  of  the  ventricle ; 
many  beats  are  not  transmitted.  The  pulse  rate  may  be  considerably 
reduced,  either  as  a  result  of  "  dropjDcd  "  beats  or  as  a  consequence  of  the 
actual  slow  speed  of  the  ventricle.  The  beats  may  show  coupling  over  short 
or  long  stretches  of  curve.  The  fast  tyjjes  are  the  commonest,  and  in  these 
the  usual  rate  of  the  ventricle  is  approximately  double  the  normal  rate 
(110  to  150).  It  is  usually  at  these  fast  rates  that  the  disorderly  character 
of  the  pulsation  is  so  prominent.  With  the  slower  rates  the  irregularity  is 
not  so  jJrominent,  nevertheless,  it  is  always  present,  a  fact  which  can  be 
determined  by  careful  measurement  of  the  tracings.  Where  the  grade  of 
irregularity  is  high  the  condition  may  be  i-ecognised  by  feeling  the  joulse  ; 
and  with  exj^erience  even  the  lesser  grades  of  disorder,  for  example  those 
met  with  in  cases  where  the  pulse  is  slower,  can  be  identified  by  similar  means, 
though  the  method  is  inevitably  uncertain.  A  Dudgeon  tracing  is  adequate 
in  the  majority  of  patients,  and  the  disorder  may  be  recognised  by  two 
criteria.  First  and  most  important  is  the  absolute  character  of  the  arrhythmia. 
The  heart  action  is  never  regular,  and  seldom  or  never  do  two  beats  of  the 
same  character  or  length  succeed  each  other.  In  a  long  curve  it  is  rare  to 
find  any  two  short  sections  of  tracing  which  have  even  a  superficial  resem- 
blance to  each  other.  The  pauses  betwixt  the  beats  bear  no  relationship  to 
one  another,  and  in  this  feature  the  irregularity  stands  in  marked  contrast 
to  all  other  varieties.  The  second  criterion  consists  in  the  absence  of  a 
definite  and  continued  relationship  between  the  strength  of  a  beat  and  the 
length  of  the  jjause  which  precedes  it.  A  strong  beat  may  follow  a  short 
pause,  and  a  weak  beat  may  succeed  a  long  pause.     A  few  examples  of  the 
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Fig.  1.  X  6%  linear.  Radial  pulse  curves  taken  with  a  Dudgeon  sphygmograph.  The  time 
tracing,  which  appUes  to  aU  curves  beneath  it,  is  in  i  sec.  The  figure  illustrates  the  general 
characteristics  of  the  disordered  heart  action  considered  in  the  test. 

CimVES   1   AND   2. 

CASE  1. —  A.  H.,  a  man  aged  48,  admitted  to  hospital  suffering  from  mitral  stenosis  of 
rheumatic  origin  and  general  cardiac  dilatation.  Enlargement  of  Uver,  distended  veins  and 
dropsy  were  present.  Irregularity  complete  and  persistent  ;  murmurs  early  and  mid- 
diastoUc  ;  venous  curves  of  ventricular  form  ;  electrocardiographic  curves  of  usual  type 
(as  in  Fig.  14  /).  The  oscillations  were  maximal  when  the  electrodes  were  placed  over  the 
right  auricle. 

CCBVE  3. 

CASE  2. —  W.  S.,  a  man  aged  64.  the  subject  of  bronchitis,  emphysema  and  arterio- 
sclerosis. No  history  of  rheumatism.  Heart  somewhat  enlarged  to  right  and  left.  Heart 
sounds  normal  ;  S.  B.  P.,  150  mm.  Hg..*  With  the  exception  of  shortness  of  breath  on 
exertion  no  signs  of  broken  compensation  were  present.  The  irregularity  disappeared  on 
one  occasion  for  a  few  days,  the  pulse  regularity  was  then  interrupted  by  amicular  extra- 
systoles.  The  a-c  interval  was  normal.  With  the  complete  irregularity  the  venous  pulse 
was  ventricular  in  outline,  the  electrocardiograph  was  typical,  the  oscillations  were  maximal 
in  leads  from  the  parts  of  the  chest  wall  covering  the  right  auricle.  There  was  no  pulse 
slowing  with  hea\-y  doses  of  digitalis. 

CUKVE  4. 

CASE  3. — W.  P.,  a  man  aged  37,  suffering  from  mitral  stenosis  of  rheumatic  origin. 
Heart  enlarged  to  right  and  left,  dyspnoea  and  sUght  liver  enlargement,  no  dropsy.  Pulse 
persistently  irregular ;  ventricular  form  of  venous  pulse ;  electrocardiograms  typical ; 
oscillations  maximal  with  electrodes  in  neighbourhood  of  right  auricle. 

CtTEVE  5. 

CASE  4. — R.  X.,  a  man  aged  65,  suffering  from  aneurisraal  dilatation  of  the  whole 
thoracic  aorta,  pulmonary  cedema,  associated  with  arterial  sclerosis,  emphysema  and  signs 
of  sclerotic  kidney.  Dropsy  and  liver  enlargement  present.  Pulse  persistently  irregular  ; 
ventricular  form  of  venous  pulse.    Died  unexpectedly. 


*  This  blood  pressure  reading  is  a  measure  of  the  obliteration  pressure  of  the  most  forcible 
beats.  Blood  pressure  estimations  in  cases  of  complete  irregulsirity  are  extremely  vmsatis- 
factory ;  the  beats  force  their  way  through  the  armlet  at  widely  varying  pressures. 
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pictures  presented  by  Dudgeon  tracings  are  given  in  the  accompanj-ing 
figure.  They  may  serve  with  the  brief  notes  attached  to  them  as  a  guide  to 
the  recognition  of  the  type  of  case  with  which  we  are  deahng.  They  ilhistrate 
the  main  points  referred  to  in  the  text,  but  the  variety  shown  is  so  great  that 
they  can  scarcely  be  held  even  as  representative  of  the  irregularities  which 
may  occur.  Numerous  and  additional  examples  are  scattered  throughout  the 
simultaneous  tracings  which  illustrate  this  paper. 


The  venous  pulse  curves. 

"  The  ventricular  form  of  venous  pulse  "  is  a  term  which  expresses  the 
only  fixed  cjuality  manifested  by  graphic  records  taken  from  the  jugular 
veins  in  these  cases.  It  implies  that  all  prominent  and  rapid  changes  of 
volume  in  the  venous  cistern  fall  within  the  limits  of  ventricular  sj'stole. 
The  curves  corresponding  to  the  individual  heart  beats  vary  in  their  j^ositions 
relative  to  each  other  just  as  do  the  radial  beats.  There  may  be  considerable 
variation  in  the  amplitude  of  the  separate  curves  in  a  given  case.  This 
variation  is  far  from  instrumental  in  origin,  for  close  examination  reveals  the 
recurrence  of  a  particular  type  of  curve  with  a  given  length  of  pause,  a  given 
type  of  radial  beat  or  a  given  phase  of  respiration.  As  a  general  rule  and  in 
a  single  case  a  large  venous  curve  accompanies  a  large  radial  curve,  but  the 
difference  in  size  from  one  beat  to  the  next  is  less  in  the  former  than  in  the 
latter.  A  family  resemblance  between  the  separate  venous  beats  of  a  single 
curve  is  generally  if  not  always  present. 

The  variation  from  case  to  case  consists  mainly  in  the  relative  difference 
in  the  height  of  the  several  waves  and  a  similar  difference  in  the  depths  of 
the  depressions  which  separate  them. 

The  complete  curve,  corresi^onding  to  a  single  heart  cycle,  is  generally 
composed  of  two*  or  three  peaks,  and  a  similar  number  of  dips.  The  upstroke 
of  the  first  peak  is  synchronous  with  the  commencing  carotid  pulsation  at 
the  same  level  of  the  neck  (though  it  ma}'  precede  or  succeed  it  slightly). 
The  downstroke  of  the  last  peak  starts  at  a  point  corresponding  to  the 
opening  of  the  tricuspid  valves  (Mackenzie).  It  is  synchronous  with  the 
bottom  of  the  downstroke  of  the  cardiogram,  or  with  a  point  a  little  later 
than  the  bottom  of  the  dicrotic  notch  on  the  carotid  tracing.  The  chief 
depressions  follow  the  first  and  last  peaks  and  are  very  variable  in  degree 
from  case  to  case.     As  a  general  rule  it  may  be  said  that  the  shorter  the 

*  The  waves  were  named  by  Mackenzie  a'  and  v'  respectively,  and  attributed  to  auricular  and 
ventricular  systole  ;  de  Vries'  has  recently  sho\iTi  that  they  are  sometimes  met  with  when  the 
normal  heart  sequence  is  present.  This  accords  with  my  own  experience.  I  do  not  think  that 
there  is  any  type  of  the  ventricular  form  of  \enous  pulse  which  does  not  find  its  counterpart  in  the 
ventricular  portion  of  the  auricular  form  of  venous  piJse.  It  is  probable  also  that  with  more 
extended  obser\ation  the  reveree  will  be  found  to  hold,  namely,  that,  in  respect  of  their  sj-stolic 
elements,  dupUcates  of  all  forms  of  the  ventricular  portion  of  the  auricular  form  of  venous  pulse 
exist  in  the  absence  of  all  signs  of  the  normal  auricular  contraction. 
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duration  of  the  abnormal  rhythm  the  deeper  is  the  first  as  compared  to  the 
second  depression  ;  and  that  in  old-standing  cases  the  dijD  in  the  centre  of 
systole  is  replaced  by  a  larger  and  fuller  comjjlex  of  s^'stolic  peaks.  A  definite 
relationship  appears  to  exist  between  the  mean  distension  of  the  veins  and 
the  swelling  of  those  veins  in  systole.  Thus,  in  cases  of  long  duration,  in 
which  the  veins  are  more  or  less  markedly  dilated,  the  venous  curve  is  in 
the  form  of  a  prominent  sj-stohc  plateau.  The  older  conception  that  the 
prominence  of  the  venous  pulsation  is  an  index  of  the  degree  of  tricuspid 
reflux  is  not  without  a  definite  foundation.  The  curves  obtained  from  patients 
soon  after  the  onset  of  the  new  rhythm  and  the  curves  in  cases  in  which 
compensation  is  complete  generally  permit  of  close  comparison  with  the 
ventricular  portions  of  the  venous  curves  taken  from  normal  subjects  (the 
parts  of  the  normal  curves  usually  marked  c  and  v).  A  curve  of  the  kind  is 
shown  in  Fig.  2  C.  In  long  standing  cases,  or  in  instances  where  compensation 
is  less  complete,  the  first  depression  (corresponding  to  the  x  and  x'  dips  of  the 
normal  curve)  is  filled  (Fig.  2  B  and  A),  and  the  filling  may  happen  in  greater 
and  greater  degree  until  the  type  assumed  is  flat-topped  and  resembles  the 
curve  of  intra-ventricular  pressure  (Figs.  2  A  and  4  A).  The  transition  from 
one  iy^G  to  the  other  may  be  followed  from  case  to  case,  or  may  be  seen  in 
one  and  the  same  case  as  cardiac  tone  and  venous  filling  wax  and  wane. 
The  flat-topped  t\'pe  also  consorts  more  commonly  with  rapid  heart  action, 
though  in  marked  degree  it  rareh'  occurs  in  the  absence  of  appreciable  heart 
distension.  In  many  curves  the  smaller  and  more  rapid  beats  are  accompanied 
by  the  flat  t\-pe  of  curve,  and  the  stronger  beats  b}^  a  bifurcated  type 
(Fig.  2  A).  The  contrast  may  be  explained  by  the  unecjual  heart  filling 
under  the  two  conditions.  The  accompanying  figure  illustrates  several  of 
the  types  of  curve  met  with,  and  others  will  be  found  in  other  parts 
of  this  paper.  It  is  by  no  means  unusual  to  see  three  prominent 
peaks,  concurrent  with  each  heart  beat,  and  such  curves  bear  a  close 
resemblance  to  the  experimental  venous  curves  of  Rihl".  The  relation- 
ship of  the  normal  type  of  curve  to  the  various  forms  of  ventricular  venous 
pulse  curve  is  diagrammatised  in  Fig.  3.  The  outlines  have  been  drawn 
from  actual  curves,  several  of  which  illustrate  this  paper.  The  dotted  outhne 
is  that  of  the  auricular  form  of  venous  pulse.  The  essential  diflterence  between 
this  diagram  and  the  somewhat  similar  ones  figured  by  ilackenzie^'  and 
Wenckebach"  lies  in  the  fact  that  it  displays  transitions  between  various  tyjDes 
of  the  ventricular  form  of  venous  pulse.  The  original  figures  were  pubhshed 
to  illustrate  the  passage  of  the  auricular  form  to  the  ventricular.  The  view 
of  gradual  "  paralysis  "  of  the  auricle,  which  they  were  intended  to  exjjress, 
and  of  the  gradual  distension  of  the  chamber  as  a  factor  in  the  production 
of  the  true  ventricular  form  of  venous  jjulse  and  its  concomitant,  irregularity 
of  the  heart,  has  been  entirely  abandoned.  It  is  perfectly  true  that  dilata- 
tion of  the  auricle  occurs,  and  it  is  equally  true  that  such  distension  is 
accompanied  by  a  transformation  of  the  systolic  portions  of  the  venous  curve 
as  it  has  been  illustrated.    But  the  distension  of  the  auricle  and  the  deforma- 


318 


Th.    LE  W  I  S. 


.v>wvJW*'4v|WmJWiJ^\^. 


;e', 


AURICVLAE    F  I  BR  I  LLAT  lOX.  310 


,  2.  Simultaneous  venous  and  radial  curves  from  four  patients  with  complete  irregularity 
of  the  heart  and  the  ventricular  form  of  venous  pulse.  The  figures  illustrate  some  of  the 
different  types  of  venous  ciu've  met  with  in  this  condition.  The  venous  curves  are  constant 
in  that  all  rapid  upstrokes  he  within  the  confines  of  systole  (E,  E).  The  dotted  lines  in  this 
and  subsequent  curves  unite  points  representing  one  and  the  same  phase  of  the  cardiac 
cycle.  The  heavy  vertical  lines  cutting  a  whole  tracing  mark  the  points  where  curve  has 
been  excised. 


CtTRVE  A. 

CASE  5. — R.,  a  man  aged  39.  The  mother  had  rheumatic  fever.  Admitted  for  short- 
ness of  breath  ajid  precordial  distress.  Heart  enlarged  right  and  left,  veins  prominent  and 
liver  dulness  increased.  No  dropsy.  Heart  sounds  weak  but  otherwise  normal.  Electro- 
cardiograms typical,  oscillations  maximal  over  auricle.  Four  inches  of  curve  have  been 
excised  from  this  figivre. 

Curve  B. 

CASE  6. — Mrs.  K.  P.,  aged  23,  the  subject  of  mitral  stenosis  of  rheumatic  origin. 
Admitted  with  enlarged  liver  and  dropsy.  The  curves  were  taken  some  weeks  after  admission 
when  the  patient  had  responded  well  to  digitalis.  Early  and  middiastolic  murmurs  ; 
electrocardiograms  tj'pical.    Eight  inches  of  curve  excised. 

CuK%-E  C. 

CASE  7. — M..  a  man  aged  20,  with  no  symptoms  other  than  shght  short-windedness 
on  strenuous  exertion.  History  of  rheumatic  fever.  No  cardiac  enlargement,  no  murmurs. 
Irregularity  has  been  present  for  two  years  and  has  been  persistent.  The  electrocardio- 
grams show  prominent  oscillations  and  ventricular  extrasystoles.  (Fig.  24  is  from  this 
case.) 

Cdbve  D. 

CASE  8. — Mrs.  A.,  aged  38,  suffering  from  n^itral  stenosis.  On  admission  dropsy  and 
oedema  of  liuigs  were  present.  Tracing  taken  several  months  later,  subsequent  to  digitalis. 
Compensation  had  so  far  impro\ed  as  to  allow  her  to  pursue  her  ordinary  duties  as  housewife. 
Heart  enlarged  to  right  and  left ;  early  and  mid-diastolic  mvirmurs.  Veins  not  prominent. 
Irregularity  persistent.     Two  inches  of  cur\e  excised. 
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tion  of  the  venous  curve  may  take  place,  while,  during  the  transition, 
the  presystoUc  auricular  contraction  is  present,  or  while,  during  the  transition, 
the  co-ordinate  systoles  of  the  auricle  are  suspended.  As  we  shall  see  at  a  later 
stage  the  ventricular  form  of  venous  pulse  may  be  conspicuous  even  in  its 
plateau  form,  while  the  normal  heart  sequence  is  maintained  {CASE  14), 
and,  as  we  have  alreadj'  seen,  the  usual  or  normal  systohc  portion  of  the 
venous  pulse  may  be  found  (the  type  with  the  deeji  x  and  x'  depressions) 
and  yet  the  signs  of  co-ordinate  and  presj-stolic  auricular  contraction  maj' 
be   entirely  in   abeyance.     It   should  be   clearlj-   comprehended   that   two 


Fig.  3.  A  diagram  illustrating  the  relationship  of  the  auricular  and  ventricular  forms  of  venous 
pulse,  and  the  more  common  variations  in  shape  to  which  they  are  Uable.  The  dotted  line 
represents  the  usual  or  physiologic  type  of  the  aiu-icular  form  of  venous  pulse.  The 
continuous  lines  represent  the  ventricular  portions  of  types  of  curve  met  with  in 
auricular  and  ventricular  forms  of  venous  pulse. 


perfecth^  distinct  phenomena  exist,  a  sudden  disajipearance  of  all  signs  of 
the  normal  auricular  systole,  and  a  gradual  increase  of  pressure  in  the  right 
side  of  the  heart.  The  lack  of  due  appreciation  of  this  essential  distinction 
has  led  in  the  past  to  many  misconcejitions  of  the  conditions  with  which  we 
are  dealing,  and  to  the  faulty  interpretation  of  many  curves.  The  diagram 
may  stand  as  an  example  of  the  transition  of  the  systolic  portion  of  eitlier 
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auricular  or  ventricular  form  of  venous  jiulse  curve,  from  the  compensated 
to  the  decompensated  type,  or  from  the  type  with  perfect  to  the  tj-pe  with 
imperfect  venous  flow.  In  brief,  it  may  be  said  that  there  is  but  one  distinctive 
quahty  between  auricular  and  ventricular  forms  of  venous  i:)ulse,  and  it 
consists  in  the  absence  of  the  auriculo-sj-stolic  or  a  wave  from  the  former. 
Individual  cycles  of  a  curve,  which  is  an  example  of  the  ventricular  form  of 
venous  pulse,  can  be  identified  as  such  with  certainty  only  by  attention  to 
this  fact. 

These  considerations  bring  us  to  a  subject  of  importance  to  those  for 
whom  the  application  of  graphic  methods  is  difficult  or  impracticable.  The 
question  may  be  asked — Can  the  ventricular  form  of  venous  pulse  be 
recognised  with  the  unaided  senses  ?  The  reply  to  this  question  is  that  it  can 
be  recognised  in  a  very  large  number,  in  fact,  the  majority  of  cases,  if  note 
is  taken  of  the  conjoined  phenomena.  The  first  essential  in  its  recognition 
is  the  finding  of  an  irregular  pulse.  If  the  heart  is  beating  arrlij'thmically 
the  ventricular  venous  pulse  may  be  identified  in  almost  all  cases  in  which 
it  is  prominent.  Each  beat  of  the  heart  as  felt  at  the  apex  is  accompanied 
by  a  pulsation  in  the  veins  of  the  neck,  which  starts  with  the  sj-stole  and 
preserves  this  relationship  from  beat  to  beat.  Now  the  prominence  of 
venous  pulsation  is  verj'  variable.  It  may  be  so  marked  that  at  each  systole 
the  girth  of  the  neck  is  increased  bj'  an  inch  or  more.  The  pulsation  commonly 
attains  the  angle  of  the  ja^^•,  and  not  infrequenth'  it  displaces  the  lobe  of  the 
ear.  In  one  case  I  have  seen  it  extending  as  far  as  the  summit  of  the  scalp 
and  have  recorded  it  above  the  zygoma.  But  a  type  so  marked  is  exceptional. 
Much  oftener  the  pulsation  is  confined  to  the  neck.  If,  under  these  cir- 
cumstances, the  superficial  veins  are  conspicuous,  it  is  readily  recognised. 
But  in  cases  where  this  is  not  the  case  I  have  seen  it  mistaken  for  arterial 
pulsation  on  several  occasions.  The  error  may  be  avoided  if  it  is  borne  in 
mind  that  the  pulsation  is  a  volume  change  and  not  a  pressure  wave  ;  it  is 
often  visible,  but  the  fingers  rareh^  appreciate  it.  "  Diastohc  collapse  " 
often  accompanies  it,  and  is  merely  a  descriptive  term  for  the  impression 
left  on  the  sight  by  the  rapid  volume  decrease  which  occurs  at  the  end  of 
systole.  This  volume  decrease  is  shown  in  the  curves,  and  has  been  referred 
to  previously.  In  early  and  compensated  cases  the  pulsation  is  rarely 
recognised  by  the  ordinary  means,  for  usually  in  such  instances  the  visible 
pulsation  is  complex  ;  resort  must  then  be  had  to  the  graphic  method. 
A  venous  tracing  may  often  be  secured  where  no  venous  pulsation  can  be 
seen. 

Certain  waves  which  occur  in  diastole. 

It  has  been  stated  that  the  ventricular  form  of  venous  pulse  is  comjjosed 
of  waves  of  which  the  prominent  and  rapid  ones  fall  during  systole.  It  is  also 
true  that  waves  occur  within  the  limits  of  diastole.  The  earlier  interpre- 
tations of  the  curves  in  which  they  are  found  are,  almost  without  exception, 
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Fig.  4.  Simultaneoxis  venous  and  arterial  tracings  from  three  patients  with  complete  irregularity 
of  the  heart.  Illustrating  the  several  types  of  wave  which  occiu'  in  diastole  when  the  venous 
pulse  is  ventricular  in  form. 

Cdbve  a. 

From  a  patient  whose  case  is  described  later  (CASE  12).  Tlie  curve  shows  fibrillation 
waves,  /  /  /  ,  during  the  long  diastolic  pauses.  These  are  superimposed  upon  long  stasis 
waves.    Tlie  systolic  portion  of  the  venous  curve  is  of  the  plateau  form. 

CXIRVE   B. 

Taken  from  CASE  5,  but  at  a  later  date,  when  cardiac  tone  was  partially  restored. 
There  is  a  wave  in  diastole  marked  *  which  is  ascribed  to  closure  of  the  tricuspid  valves  at 
the  end  of  filling.    In  the  longest  pause  small  oscillations,  /,  appear. 

Ctjrve  C. 

CASE  9. — From  a  man,  aged  49,  suffering  from  mitral  stenosis  of  rheumatic  origin. 
The  heart  considerably  enlarged  to  right  and  left.  Dropsy  and  pulsatile  Uver.  Early  diastolic 
murmiu:  at  apex.  The  pulse  is  completely  irregular,  except  that  each  large  beat  is  followed 
by  a  smaller  one  at  an  almost  constant  interval.  In  the  diastolic  portion  of  the  curve  a 
gradual  rise  ends  in  a  plateau,  and  where  the  two  meet  three  small  oscillations  occur 
(marked  x  ).  They  were  accompanied  by  a  valvular  sound  at  the  apex  and  in  the  neck. 
They  may  be  attributed  to  closiu"e  of  the  tricuspid  valves. 
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erroneous.  The  waves  in  question  have  been  attributed  repeatedly  to 
co-ordinate  contraction  of  an  irregularly  beating  auricle  (in  a  recent  paper 
Magnus-Alsleben  has  fallen  into  similar  error)^-. 

The  view  has  been  expressed  that  apart  from  the  auriculo-systolic  wave 
there  is  no  essential  distinction  between  the  individual  venous  curves  in  the 
normal  and  abnormal  conditions*.  It  will  be  necessary  at  a  slighth'  later 
stage  to  note  a  single  exception  to  this  rule.  But,  for  the  time  being,  we  may 
enquire  whether  any  waves  occur  in  the  diastohc  reaches  of  the  normal 
venous  pulse,  apart  from  those  allotted  to  auricular  systole.  There  are 
waves  of  two  kinds,  and  precisely  similar  waves  are  found  during  diastole 
in  the  condition  which  we  are  considering.  There  is  a  wave  which  has  been 
termed  by  Morrow'^  the  "  second  onflow  wave,"  and  its  causation  is  assigned 
to  the  overflow  into  the  veins  when  in  a  long  diastole  the  heart  is  already  full, 
or  to  the  increase  of  pressure  in  the  ventricle  during  the  filUng.  It  is  seen 
to  advantage  in  the  accompanj-ing  figure  (Fig.  4).  At  the  commencement 
of  tracing  A  there  is  a  long  jjause,  and  during  the  whole  of  it  the  veins  are 
steadily  swelling.  It  is  also  prominent  in  tracing  C  and  is  shown  to  a  lesser 
extent  in  tracing  B.  The  fixed  relationship  of  this  stasis  wave  to  the 
preceding  systole  and  the  variation  of  its  extent  with  the  length  of 
diastole  permit  its  recognition.! 

The  second  type  of  wave  was  first  described  in  the  normal  condition 
by  Hi^schfelder'-^  and  has  been  attributed  to  the  closure  of  the  tricuspid 
valves  at  the  end  of  ventricular  filling  (Gibson'").  But  there  is  evident 
misconception  as  to  the  extent  to  which  this  interpretation  can  be  apphed. 
The  snapping  to  of  the  auriculo-ventricular  valves  will  not  serve  in  explana- 
tion of  a  permanent  increase  in  venous  volume.  The  type  of  wave  produced 
must  be  carefully  distinguished  from  that  produced  by  stasis.  If  the  wave 
is  followed  by  a  dip  it  may  perhaps  be  assigned  to  a  valve  movement, 
but  only,  I  think,  such  part  of  the  wave  as  is  definitely  raised  above,  or 
depressed  below,  the  general  sweep  of  the  stasis  wave  itself.  Waves  belonging 
to  this  class  are  seen  in  Fig.  4  B  and  C.  In  tracing  C,  and  just  at  the  summit 
of  the  main  sweep  of  the  stasis  wave  a  triple  vibration  (marked  x )  with 
constant  time  relationship  to  the  preceding  S3-stole  is  plainly  visible.  It  was 
accompanied  by  a  distant  valvular  sound  at  the  apex  and  base  of  the  heart 
(cp.  Gibson"'  on  third  heart  sound),  and  by  a  distinct  double  clicking  sound 
in  the  veins  of  the  neck.  In  tracing  B  we  have  an  examjjle  in  which  the 
portions  of  the  diastohc  waves  attributable  to  stasis  and  valve  movement 
are  more  difficult  to  unravel.  The  longest  diastole,  just  antecedent  to  the 
stops,  is  of  value  in  this  connection.  In  this  diastole  we  see  the  general 
sweep  of  the  stasis  wave  and  superimposed  upon  the  first  part  of  it  is  the 
wave  marked  X .     The  same  wave  is  found  in  earUer  portions  of  the  same 


*  The  statement  is  not  affected  bj'  the  fact  that  one  type  of  ventricular  curve  is  more  common 
in  the  normal  and  another  type  in  the  abnormal  condition. 

t  Its  inclination  to  the  vertical  is  a  rough  index  of  the  rate  of  venous  flow. 


AURICULAR    FI  BRI  LLATIO.X.  325 

curve,  and  the  comparison  with  the  later  diastole  allows  us  to  gauge  the 
extent  to  which  stasis  aids  in  its  production  in  these  earlier  diastoles. 

We  may  now  turn  to  another  type  of  diastohc  wave,  the  most  important 
of  all.  It  forms  the  exceiDtion  to  the  remarks  previously  made  as  to  the 
resemblance  between  the  ventricular  and  auricular  types  of  venous  curve. 
These  undulations  are  only  met  with  as  an  accompaniment  of  the  ventricular 
form  of  venous  pulse.  They  are  seen  but  occasionally,  and  only  when  the 
pulse  is  slow  (Wenckebach*^'').  They  are  well  marked  in  tracing  A,  and  are 
more  obscurely  figured  in  tracing  B  (marked  /).  The}'  are  also  shown  in 
the  photographic  curve  (Fig.  19).  They  are  multiple,  and  the  rate  may  be 
from  350  to  500  per  minute.  Their  irregularity  renders  it  difficult  to  estimate 
the  rate  other  than  approximately.  The}-  were  first  described  by  Wenckebach"*^ 
in  1907;  in  discussing  Cushny  and  Edmunds  paper  on  auricular  fibrillation 
and  the  relationship)  of  the  latter  to  complete  irregularity,  he  stated  that  in  the 
clinical  condition  he  had  seen  small  venous  waves  which  might  be  attributed 
to  small  contractions  in  the  auricular  walls.  Later,  in  the  same  year,  they 
were  figured  by  Mackenzie'^",  who  also  suggested  that  they  might  arise  as  a 
result  of  auricular  fibrillation.  The  relationship  of  this  fibrillation  to  the 
view  adopted  in  his  papers,  namely,  the  nodal  origin  of  the  rhythm,  is  not 
explained,  and  in  a  later  publication^"'*  (p.  299)  the  idea  was  abandoned. 
("  From  this  observation,  I  now  recognise  that  what  I  had  taken  for  waves 
due  to  fibrillation  of  the  auricle  were  really  due  to  a  fault  in  the  method  of 
registi"ation,  wherein  by  compressing  the  vein  with  the  receiver  I  had 
artificially  produced  thrills  which  appeared  as  waves  in  the  tracing.") 
Certain  observations,  which  will  be  discussed  more  fully  at  a  later  stage,  point 
to  the  conclusion  that  the  oscillations  are  in  reality  the  outcome  of  fibrillary 
movements  in  the  auricle.  At  the  present  time  it  will  be  sufficient  if  I  state 
that  the  thrills  in  question  have  not  come  under  m\-  personal  observation, 
that  I  am  inclined  to  attribute  the  thrill  in  this  instance  to  the  oscillations 
rather  than  the  undulations  to  the  thrill,  and  that  in  chlorotic  cases 
where  the  auricular  type  of  curve  is  obtained  to  perfection  such  vibrations 
are  absent. 


The  electrocardiographic  curves  obtained  by  leads  from  the  right 
arm  and  left  leg. 

Electrocardiographic  curves  from  cases  of  complete  irregularity  of  the 
heart  have  been  published  by  Einthoven"  (Figs.  17  and  31),  and  later  by 
Kraus  and  Xicolai-''  (Fig.  14).  Hering''',  and  Rothberger  and  Winterberg'"'. 

The  following  account  is  based  ujion  curves  taken  from  thirty  cases. 

Firstly,  the  curves  consist  of  tall  peaks  R,  corresponding  to  the  com- 
mencement of  ventricular  systole,  and  scattered  throughout  in  irregular 
profusion.  Their  arrangement  is  obviously  due  to  the  arrhj-thmic  action  of 
the  ventricle  (cp.  Fig.  15  and  its  accompanying  radial  curve).  The  direction 
of  the  electric  variation,  of  which  the  peak  R   is  an  expression,  indicates 
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negativity  of  the  arm  electrode,  or  primary  activity  of  the  base  of  the  heart. 
The  variation  is  the  same  as  that  which  occurs  in  the  normal  subject  and  is 
an  evidence,  as  Hering  has  pointed  out,  that  in  this  condition  the  ventricular 
contraction  commences  at  its  normal  starting  point.  The  remainder  of  the 
curve  and  its  comparison  with  the  normal  (normal  curves  are  shown  in 
Figs.  12  and  16)  justifies  this  conclusion,  as  we  shall  see  in  the  secjuel.  I 
have  long  suspected  that  the  peaks  R  in  the  abnormal  curves  are  relatively 
higher  than  in  the  normal  curves.  For  curves  of  good  excursion  are  always 
obtained  with  facilit j^  even  while  the  instrument  is  adjusted  at  a  comparatively 
insensitive  point  and  in  jjatients  with  high  resistances.  The  comparison 
may  be  made  in  Figs.  15  and  16,  taken  from  the  same  patient  within  two 
days  of  each  other  ;  it  may  also  be  made  in  Fig.  9  (it  is  mentioned  in  the 
explanatory  remarks  attached  to  the  figure*). 

A  comparison  of  the  height  of  the  peaks  R  with  the  strength  of  corres- 
ponding radial  beats  in  sjmchronous  tracings  reveals  the  fact  that  there  is 
no  fixed  proi^ortion  between  them  (Fig.  15).  A  very  similar,  if  not  identical, 
phenomenon  is  present  in  the  condition  known  as  heart  alternans  (for  the 
experimental  fact,  see  Hering"* ;  the  clinical  jjarallel  has  been  observed 
more  recently  (CASE  15)  ). 

Apart  from  the  peaks  R  the  normal  ventricular  curve  consists  of  slight 
dejjressions  following  them,  and  these  in  turn  are  succeeded  by  broad  waves 
designated  T.  The  T  variations  are  also  seen  in  curves  from  cases  of  complete 
irregularity.  They  are  often  very  obscure,  and  this  obscuritj'  is  the  result  of 
the  presence  of  certain  special  oscillations  upon  the  curves.  The  variation  T 
is  plainly  percei^tible  in  Figs.  13  /,  18  /  and  19,  while  it  is  overshadowed 
in  Figs.  14  /,  15  and  23.  At  times  it  is  quite  as  prominent  and  almost  as 
regular  from  cycle  to  cycle  as  in  the  normal  curves  (Fig.  19).  The  occurrence 
of  T  is  of  importance  because  it  demonstrates,  what  would  otherwise  be 
uncertain,  that  the  ventricular  contraction  starting  at  the  base  pursues  its 
usual  path  in  the  ventricle^j-. 

The  most  striking  feature  of  the  electric  curves  is  the  absence  of  all  sign 
of  the  regular  presj'stolic  variation,  which  accompanies  all  normal  heart 
beats  (P  in  Fig.  16),  and  the  presence  of  that  which  replaces  it,  namely  a 
number  of  irregular  oscillations  varying  in  form  and  prominence.  In  leads 
from  arm  and  leg  these  oscillations  are  often  marked  in  amplitude,  and  the 
latter  may  ec^ual  if  it  does  not  exceed  that  of  the  usual  auricular  variation  P 
(Fig.  23).     In  other  curves  they  may  be  far  less  conspicuous,  and  may  be 

*  An  increase  in  the  size  of  the  peak  R  as  compared  with  the  normal  was  also  seen  in  the  cases 
of  regular  paroxysmal  tacliycardia  which  have  already  been  placed  on  record^  *  ^.  It  would  appear 
that  both  in  complete  irregularity  and  in  the  regular  paroxysms  the  heart,  as  a  whole,  is  in  a 
state  of  hyperirritability.  The  curves  seem  to  indicate  at  all  events  that  in  such  cases  the  energy 
developed  and  used  up  is  great  in  proportion  to  the  work  accomplished.  In  other  words,  the 
heart  is  working  at  a  disadvantage.  ELnthoven''  found  no  increase,  but  in  one  case  a  decrease, 
in  the  size  of  R  with  an  increase  of  rate  following  exercise  (Figs.  26  to  29  of  his  paper). 

t  The  variation  T  is  attributed  by  Gotch'-*"^  to  a  return  of  the  contraction  to  the  base  of 
the  heart  (acti\-ity  is  represented  electrically  by  negati%-ity). 
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distinguishable  only  from  place  to  jilace  (Fig.  24:,  ff).  In  one  form  or  another 
they  have  been  invariably  present  in  all  the  cases  examined.  They  are  a 
constant  feature  of  cases  of  comj^lete  irregularity  of  the  heart  and  occur  in 
no  other  condition.  They  are  responsible  for  the  distortion  or  concealment 
of  T  in  the  arm-leg  leads  ;  the  clean  cut  character  of  R  is  never  affected,  and 
this  is  due  to  the  quickness  of  the  movement.  The  oscillations  appear 
in  a  i^urer  form  when  certain  si^ecial  leads  are  adopted,  but  the  curves 
obtained  in  this  way  will  be  more  appropriately  dealt  with  in  a  subsequent 
section. 

The  oscillations  are  most  consi^icuous  when  the  pulse  is  slow  or  during 
a  diastole  of  unusual  length.  For  during  systole  they  fall  upon  the  ventricular 
elements  of  the  curve  and  their  definition  is  obscured.  When  the  heart  beat 
is  rajDid  the  individual  waves  may  be  difficult  to  sej^arate,  but  their  jaresence 
is  known  from  the  fact  that  the  T  waves  vary  greatly  in  form  or  are  entirely 
overshadowed  (Fig.  15),  and  by  the  appearance  here  and  there  of  single 
undulations  on  the  curve  which  can  only  be  ascribed  to  the  same  cause. 
The  deformity  of  the  curve  as  a  whole,  produced  in  this  manner,  is  so 
characteristic  of  the  condition  that,  once  recognised,  the  curves  are  never 
mistaken  for  those  obtained  in  any  other  affection. 


Complete  irregularity  of  the  heart  is  the  result  of 
auricular  fibrillation. 

The  irregular  oscillations  seen  upon  galvanometric  curves  are  due  to  an  inco- 
ordinate contraction  of  some  portion  of  the  heart ;  they  are  not  a  direct 
result  of  structural  change  in  the  heart,  and  are  independent  of  movements 
of  the  somatic  musculature. 

It  might  be  suggested  that  the  oscillations  in  question  are  dependent 
upon  structural  changes  in  the  heart  muscle,  and  that  the  jiropagation  of 
the  contraction  wave,  along  the  path  usually  taken,  is  hindered  or  modified 
by  the  presence  of  areas  of  tissue  affected  by  disease.  But  we  are  in  a 
position  to  deny  that  the  oscillations  are  attributable  to  this  cause. 

Such  a  hypothesis  is  at  once  weakened  when  it  is  known  that  the 
oscillations  bear  no  relationship  in  their  extent  or  frequency  to  the  objective 
signs  of  damage  in  the  myocardium.  For  while  a  patient  may  be  suffering 
from  obvious  and  gross  myocardial  change,  yet  if  the  sinus  rhythm  is 
dominant  the  oscillations  are  absent  ;  and,  on  the  other  hand,  patients 
showing  no  signs  of  gross  myocardial  affection,  patients  in  whom  there  is  no 
dilatation  and  in  whom  there  is  little  disturbance  of  the  circulation  even 
after  strenuous  exercise  exhibit  fully  developed  oscillations,  provided  that 
the  pulse  is  completely  irregular.     If  further  evidence  is  required  it  will  be 


328  Th.     LEWIS. 

found  in  two  cases  in  which  a  comparison  of  the  normal  and  abnormal 
mechanisms  in  the  same  subject  was  secured*. 

CASE  10. —  G.  P.,  aged  77,  was  admitted  under  the  care  of  Dr.  Mackenzie,  to  whom  I  am 
indebted  for  opportunities  of  examining  him,  in  September,  1909.  There  was  no  history  of  past 
illness,  and  rheumatism  and  chorea  were  unknown  in  the  family.  He  complained  of  sliglit  cough 
and  expectoration,  and  huskiness  of  voice  of  four  months'  duration.  Anginal  sjTnptoms  had  been 
present.     There  had  been  no  shortness  of  breath,  palpitation,  giddiness  or  dj-sphagia. 

Condition,  22-10-09. — A  strongly  built  man  ;  the  face  weather-beaten.  The  voice  is  husky, 
larjTigeal  examination  shows  abductor  paralysis.  A  slight  gi-ade  of  cyanosis  is  present.  The 
arteries  are  thickened,  the  pulse  is  completely  irregular ;  the  venous  pulse  is  of  the  ventricular 
form.  Tlie  heart's  apex  is  obsciu-ed  by  emphysema.  The  right  line  of  dulness  is  i  inch  and  the 
left  3i  inches  from  the  middle  hne.  There  is  an  area  of  dulness  extending  into  the  second  left  space 
and  at  this  point  systolic  pulsation  was  present  upon  admission.  But  for  the  irregularity  the 
heart  sounds  are  normal.    The  urine  is  normal. 

The  case  may  be  summed  up  as  jirobably  one  of  aneurism  of  the  thoracic 
aorta,  associated  with  angina  and  complete  irregularity  of  the  heart.  Sub- 
sequent to  his  admission  he  has  had  many  anginal  attacks,  some  of  a  severe 
grade.  There  have  been  times  when  the  pulse  is  slow,  and  on  such  occasions  it 
is  regular  and  the  venous  pulse  has  been  of  the  auricular  form,  and  times  when 
it  is  fast  and  irregular,  the  venous  pulse  being  then  ventricular  in  outline.  The 
jiaroxysms  of  irregularity  have  been  numerous,  and  they  have  generalh^ 
lasted  for  24  hours  or  more.  On  several  occasions  the  pulse  has  been  irregular 
for  several  days  together.  On  the  other  hand  attacks  of  comparatively  short 
duration  have  occurred.  There  have  been  no  definite  symptoms  at  the  onset 
or  offset  of  attacks,  and  the  patient  has  been  unaware  of  the  abnormal 
cardiac  mechanism  when  it  has  been  present.  The  anginal  attacks  have  had 
no  relation  to  the  i:)eriods  of  irregularity. 

Two  of  the  curves  (Figs.  15  and  16)  obtained  from  this  patient  were  taken 
within  48  hours  of  each  other.  Upon  the  daj-  when  the  first  electrocardiogram 
was  obtained  polygraph  curves  showed  the  presence  of  complete  irregularity 
and  the  ventricular  form  of  venous  pulse.  The  electric  curve  corres23onding 
(Fig.  15)  is  of  the  form  which  we  have  been  considering.  The  peaks  R  are 
separated  by  stretches  of  curve  of  an  irregular  character.  Xo  two  pieces  are 
alike,  and  the  T  variations  are  obscured  bj^  the  oscillations  which  are  present. 
Two  days  later  the  pulse  was  regular  and  the  jugular  curve  demonstrated 
a  prominent  a  wave.  The  corresjjonding  electrocardiogram  is  given  in  Fig.  16. 
In  it  the  disappearance  of  the  oscillations  is  associated  with  the  return  of 
the  auricular  variation  P,  while  the  remainder  of  the  ventricular  curve  is  of 
a  perfectly  normal  type.  Curves  showing  the  normal  rhj'thm  within  half 
an  hour  of  the  cessation  of  an  attack  have  since  been  obtained  from  this 
patient.  They  were  of  a  perfectly  normal  type.  Digitalis,  given  in  doses 
sufficient  to  produce  toxic  effects,  had  no  retarding  influence  during  the  periods 
of  irregular  tachycardia . 

*  A  third  case  will  be  found  in  a  later  section  and  the  curves  are  illustrated  by  Fig.  9. 
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CASE  11. — A.  G.,  a  barman,  aged  24,  was  admitted  to  the  out-patient  department  at  the 
City  of  London  Hospital  on  8-12-09,  complaining  of  cough  with  blood-stained  sputiun,  and  pain 
in  the  left  shoulder.  These  sjTnptoms  had  been  experienced  for  some  months  ;  but  he  has  had 
earher  attacks  and  is  known  to  have  suffered  from  heart  disease  for  several  jears.  He  lias  never 
had  rheiunatic  fever  or  chorea  and  there  is  no  history  of  either  in  the  family.  He  has  never  had 
dropsy. 

Condition,  8-12-09. — The  right  limit  of  cardiac  dubiess  is  2  inches,  and  the  left  5  inches,  from 
the  middle  line.  There  is  a  marked  presystolic  thrill  at  the  apex  ;  a  rough  crescendo  murmiu-  leads 
up  to  an  accentuated  first  soimd.  The  second  pulmonic  and  aortic  sounds  are  normal.  There 
are  no  signs  of  liver  enlargement  or  dropsy,  but  there  are  scattered  rhonchi  over  both  lungs. 
Auricular  extrasystoles  are  frequent  and  interrupt  an  otherwise  regular  heart  rhythm.  Each 
extrasystole  is  accompanied  by  a  first  and  usually  by  a  second  soimd,  and  a  dull  vah-ular  soiuid 
precedes  the  first  sound,  but  there  is  no  miu'mur.  The  a-c  interval  is  increased.  A  polygraph 
curve  is  shown  in  Fig.  oa  and  electrocardiograms  in  Fig.  12.  13-12-09. — On  this  day  the  patient's 
condition  was  identical  with  that  already  described.  He  was  placed  on  tincture  of  digitalis 
mX  t.d.s..  18-12-09. — The  patient  awoke  in  the  early  morning  (he  has  remained  in  bed  since  he 
first  attended)  feeling  ill.  He  experienced  violent  palpitation  accompanied  by  a  choking  sensation 
in  the  throat  and  difficulty  in  breathing.  He  states  that  his  heart  was  beating  rapidly  and 
irregularly.  Brandy  gave  liim  relief  but  the  irregular  action  of  the  heart  remained.  The  attack 
lasted  I  hour.  He  has  never  had  palpitation  before  wliich  in  any  way  resembled  it. 
20-12-09. — On  examination  the  right  hmit  of  cardiac  dulness  is  1 J  inches  and  the  left  4 J  inches 
from  the  middle  line.  The  heart  is  absolutely  irregular,  and  the  venous  pulse  is  of  the  ventricular 
form.  The  auriculo-systoUc  murmur  is  no  longer  present,  but  is  replaced  by  a  murmur  of  very 
similar  quality  which  occupies  early  diastole  and  continues  into  the  mid-diastole  of  the  longer 
cycles.  The  murmm'  consequently  fills  the  diastole  of  the  shorter  cycles.  The  polygraph  cvuve  is 
shown  in  Fig.  56  and  electrocardiographic  curves  in  Fig.  13.  The  digitalis  was  omitted  on  20-12-09, 
but  was  readministered  in  larger  doses  at  a  later  date.  The  pulse  subsequently  slowed  down  in 
the  characteristic  fashion,  dropping  at  times  to  40  and  45.  The  digitalis  was  then  relinquished, 
and  the  pulse  rate  returned  to  90-120. 

Briefly,  the  ease  is  one  of  old  standing  mitral  stenosis  coming  to  hospital 
for  an  attack  of  haemoptysis.  AVithin  ten  days  of  attending  (and  possibly 
as  a  result  of  the  digitalis)  a  normal  rhythm  interrupted  by  auricular  extra- 
systoles  gave  place  to  complete  irregularity  of  the  heart.  This  irregularity' 
has  been  present  ever  since. 

Fig.  5a  is  a  polj-graph  curve  taken  from  this  jDatient  on  8-12-09.  It 
shows  the  normal  sequence  of  chamber  contraction,  but  the  a-c  interval  is 
increased  to  0  28  sec.  The  rhythm  is  interrui^ted  bj'  frec^uent  auricular 
extrasystoles  (the  premature  auricular  waves  are  marked  a'  in  the  curve)  of 
which  three  examples  are  shown.  The  electrocardiographic  curves  taken  upon 
the  same  day  are  exeminlified  by  Fig.  12.  The  upper  curve  of  this  figure 
consists  of  parts  of  four  normal  contractions  and  of  two  auricular  extrasystoles. 
Reading  from  left  to  right,  we  see  a  normal  beat,  accompanied  by  P.  R  and 
T  variations  ;  this  is  succeeded  by  a  second  beat  of  the  same  character 
except  that  the  T  variation  has  a  premature  P  wave  superimposed  upon  it ; 
its  height  is  consecjuently  exaggerated.  The  premature  P  variation  is 
followed  by  the  R  and  T  peaks  of  the  premature  ventricular  systole,  and 
the  latter  is  followed  by  a  pause  which  is  not  fully  compensatory.  A  normal 
contraction,  an  auricular  extrasystole  and  a  portion  of  a  normal  contraction 
complete  the  curve.  In  the  lower  curve  similar  events  are  shown.  Here 
three  contractions  are  followed  by  a  pair   of    extrasystolic  beats    arising 


330 


Th.     LEWIS. 


in  the  auricle,  and  the  curve  ends  with  a  normal  contraction  following 
a  short  pause.  The  features  of  these  curves  to  which  attention  is  directed 
are  several.  The  P-R  intervals  of  the  normal  beats  is  increased,  amounting 
to  a  full  0-2  sec.  The  P-R  interval  of  the  extrasystoles  is  difficult  to  measure, 
but  certainly  exceeds  this  fraction.  The  curve  is  clean  cut  and  shows  no 
trace  of  oscillation. 


f^adteu. 


Fig.  5  a  and  h.  Two  polygraph  curves  obtained  from  CASE  11,  on  8-12-09  and  20-12-09  res- 
pectively. Tracing  a  shows  a  venbus  curve  of  the  auricular  form,  and  auricular  extrasystoles 
are  present.  The  a-c  intervals  are  increased.  Tracing  6  shows  a  ciu^ve  of  the  ventricular 
type,  the  pulse  is  completely  irregular. 


Fig.  5b  illustrates  the  condition  present  two  days  after  the  onset  of  the 
complete  irregularity  and  twelve  days  later  than  the  occasion  on  which  the 
preceding  tracings  were  secured.  The  polygraph  curve  shows  complete 
irregularity  of  the  arterial  pulse,  and  the  ventricular  form  of  venous  pulse. 
The  electrocardiogram,  taken  on  the  same  day,  is  given  in  Fig.  13  /  (Fig.  13 
II-V  will  be  discussed  later).  The  curve  is  characteristic  of  the  condition, 
and  is  composed  of  jieaks  R,  the  remains  of  peaks  T,  and  numerous  irregular 
oscillations.  There  is  no  sign  of  the  normal  P  variation.  The  dilatation  of 
the  heart  had  distinctly  diminished,  and  the  general  condition  had  improved, 
at  the  time  when  the  second  group  of  curves  were  taken. 

Now  as  it  is  impossible  to  allow  either  in  the  first  case  or  in  the  second 
that  there  was  any  material  difference  in  the  condition  of  the  heart  muscle 
during  the  brief  intervals  which  intervened  between  the  occurrence  of  the 
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normal  and  abnormal  types  of  curve,  for  in  both  patients  the  cardiac  affection 
was  essentially  a  chronic  one,  so  it  is  equally  impossible  to  agree  that  the 
oscillations  displayed  were  directly  dependent  upon  myocardial  change.  On 
the  other  hand  the  cases  provide  very  suggestive  evidence  that  we  are  dealing 
with  a  temporary  inco-ordinate  action  of  a  limited  portion  of  the  heart 
muscle  ;  and  as  the  evidence  of  normal  activity  in  the  auricle  is  absent  it  is 
essentially  towards  that  chamber  that  our  attention  should  direct  itself. 
The  cases  demonstrate  conclusively  the  interdependence  of  the  abnormal  type 
of  heart  curve  and  the  gross  irregularity.  Further,  they  afford  a  strong 
argument  against  the  view  adopted  by  Hering'^  that  the  oscillations  have 
their  origin  in  the  somatic  musculature.  The  normal  and  abnormal  curves 
were  obtained  under  precisely  similar  conditions. 

It  is  perfectly  true  that  many  electrocardiograms  show  traces  of 
variations  produced  by  contraction  of  the  muscles  of  the  body  wall  or  limbs, 
and  at  times  it  may  be  difficult  to  exclude  this  complication  from  the  curves. 
But  the  oscillations  of  which  we  are  speaking  bear  no  relationship  to  the 
extent  of  such  movements.  Muscular  movements  give  rise  to  irregularities 
in  the  curves  when  a  patient  trembles  or  fidgets.  In  the  great  majority 
of  such  cases  these  extraneous  vibrations  can  be  identified  at  once  by  their 
general  appearance  and  rate.  If  precautions  are  taken  in  the  avoidance  of 
elderly  or  tremulous  subjects,  if  the  recumbent  posture  is  adopted,  and  if  in 
a  warm  room  absolute  stillness  is  enjoined  and  enforced,  no  such  irregularities 
appear  in  subjects  in  which  the  heart  sequence  is  normal.  Oscillations  are 
invariably  jiresent  in  the  class  of  jiatient  considered,  whatever  the  precau- 
tions employed.  They  are  of  much  the  same  degree  from  day  to  day  and 
from  hour  to  hour  in  the  same  subject.  They  are  equally  prominent  when 
leads  from  the  two  arms  are  adopted,  but  vanish  almost  completely  if  the 
electrodes  are  attached  to  the  two  inferior  extremities.  The  proposition, 
that  they  are  part  and  parcel  of  the  heart  beat  as  it  is  represented  to  us 
electrocardiograijhically ,  is  unequivocal.  Very  numerous  and  sj^ecial  leads  have 
been  devised  and  employed  for  the  exclusion  of  their  origin  in  abdomen, 
limbs  and  head  and  neck.  The  special  leads  show  that  it  is  a  matter  of 
indifference,  so  far  as  the  amplitude  of  the  oscillations  is  concerned,  as  to 
how  great  is  the  extent  of  somatic  musculature  which  lies  beneath  and  between 
the  electrodes.  They  demonstrate  that  the  excursion  is  controlled  by  the 
proximity  of  the  heart  to  the  leads. 

The  special  leads  take  us  a  step  further,  for  they  make  it  clear  that  it 
depends  upon  the  part  of  the  heart  approached  as  to  how  conspicuously 
the  oscillations  will  appear. 

The  irregular  oscillations  arise  in  the  vicinity  of  the  auricle  :    the  ventricular 
electric  coinjilex  in  complete  irregularity  is  of  the  normal  form. 

Special  electrodes  were  enii^loyed,  composed  of  small  circular  copper 
plates,  and  these  were  fixed  to  the  chest  wall  by  means  of  a  layer  of  stiff 
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flour  paste  made  up  with  a  large  addition  of  common  salt.  A  great  variety  of 
curves  can  be  obtained  in  the  normal  subject  by  the  adoption  of  the  many 
leads  which  offer  themselves,  but  with  these  we  are  not  at  present  concerned  ; 
our  attention  may  be  confined  for  the  time  being  to  the  amplitude  of  the 
oscillations  which  occur  in  patients  who  manifest  comi^lete  irregularity  of  the 
heart.  The  oscillations  are  never  seen  and  no  vibrations  are  found,  which 
in  any  way  resemble  them,  in  normal  subjects  or  in  patients  who  exhibit  the 
normal  seqviential  cardiac  mechanism.  But  in  cases  where  the  pulse  is 
irregular  and  the  ventricular  form  of  venous  pulse  is  present  they  are 
invariable.  The  analysis,  which  the  chest  leads  afford,  is  provided  most 
strikingly  by  jiatients  in  whom  the  right  auricle  is  enlarged,  for  in  these  a 
larger  area  of  the  auricular  wall  is  in  apposition  to  the  chest  wall;  but  the 
phenomena  which  are  here  described  are  not  limited  to  such  cases,  though 
present  in  them  in  greater  degree. 

Fig.  13  shows  five  sej^arate  leads.  /  is  from  the  right  arm  and  left  leg, 
and  has  been  mentioned  already.  The  remainder,  II-V ,  are  from  the  chest 
wall  and  were  taken  at  the  same  time  and  under  similar  general  conditions. 
//  is  the  curve  yielded  by  electrodes,  one  (the  arm  electrode)  placed  upon 
the  sternum  at  the  level  of  junction  of  the  second  rib,  the  other  (or  leg 
electrode)  upon  the  apex.  The  ventricular  complex  is  rei^resented  by  a  curve 
similar  to  that  often  obtained  in  arm  and  leg  leads  from  normal  subjects  ; 
oscillations  are  also  seen  on  the  curve,  but  they  are  not  prominent  except 
towards  its  termination.  ///  was  obtained  by  moving  the  apex  electrode 
to  the  fourth  space  on  the  right  side  and  one  inch  from  the  sternal  margin. 
The  ventricular  peaks  are  comparatively  small,  and  the  oscillations  are 
maximal.  The  leg  electrode  was  next  replaced  at  the  aj^ex  and  the  arm 
electrode  was  fixed,  first  in  the  third  space  in  the  anterior  axillary  line  on  the 
left  side  {IV)  and  later,  just  below  the  costal  margin  three  inches  internal  to 
the  apex  beat  (F).  The  curves  may  be  taken  as  representing  in  the  main 
the  pictures  yielded  by  left  and  right  ventricles  resijectively.  They  are 
almost  entirely  free  of  oscillations,  and  show  regular  and  clean  cut  variations 
in  the  latter  part  of  each  systole. 

The  separate  leads  which  we  have  examined,  and  numerous  leads  from 
other  parts  of  the  chest  wall,  demonstrate  at  the  outset  that  the  oscillations 
are  conspicuous  or  the  reverse  according  to  the  proximity  or  otherwise  of 
electrodes  and  right  or  suf)erficial  auricle.  The  conclusion  is  obvious  and 
beyond  question.  Of  the  area  of  heart  superficies  which  is  in  relationship 
to  the  front  of  the  chest  wall  it  is  only  over  that  portion  of  it  which  may  be 
termed  auricular  that  the  maximal  oscillations  are  produced,  and  as  the 
heart  is  admitted  as  the  source  of  the  oscillations  their  origin  may  be  traced 
to  the  auricular  portion  of  it. 

Separate  leads  from  the  chest  wall  have  been  obtained  in  a  large  number 
of  patients  with  the  irregularity  in  question,  and  they  all  yield  similar  results. 
Two  further  examples  are  given  in  Figs.  14  and  18.  The  explanations  of 
the  figures  may  be  consulted  for  the  details  of  the  leads. 
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The  special  curves  give  an  analysis  of  those  obtained  by  means  of  the 
usual  arm-leg  leads,  and  show  that  the  latter  are  constructed  by  the  super- 
imposition  of  current  curves  of  auricle  and  ventricle.  They  explain  the 
deformation  of  the  variation  T  and  show  that  the  variability  of  this 
peak  from  cycle  to  cycle  is  the  result  of  the  combination  of  the  currents 
derived  from  the  two  sources,  and  that  it  is  not  an  anomaly  of  the  ventricular 
complex  itself. 

Those  curves  which  are  obtained  by  means  of  leads  from  the  area 
overling  the  auricle  give  the  jjurest  pictures  of  the  oscillations  which  may 
be  gained  in  the  human  subject  (it  is  possible  that  oesophageal  leads  would 
give  still  more  distinctive  tracings)  and  allow  a  more  detailed  study  of  the 
oscillations.*  Obtained  in  this  way  they  are  found  to  vary  in  rate  between 
400  to  600  per  minute,  but  the  usual  rate  approaches  500  very  closely.  They 
frequently  have  a  character,  which,  though  at  present  inexplicable,  is 
remarkable,  and  it  is  seen  to  advantage  in  Fig.  13,///.  The  individual 
oscillations  rise  abruptly  and  fall  away  more  gradually.  It  is  a  trait  not 
infrequently  manifested  by  the  undulations  found  with  arm  and  leg  leads, 
but  in  these  it  is  seldom  so  clearlv  defined. 


Certain  deductions  from  the  clinical  findings. 

The  outstanding  feature  of  the  records  from  cases  of  complete  irregu- 
larity of  the  heart  is  the  entire  absence  of  all  sign  of  the  normal  auricular 
systole.  It  has  been  shown  time  and  again  that,  while  in  normal  subjects 
and  in  patients  suffering  from  all  other  forms  of  heart  irregularity  or  cardiac 
disability  the  auricular  systole  leaves  a  definite  impress  either  upon  the 
cardiogram,  upon  the  venous  volume  curve,  upon  the  oesophageal  curve 
(Minkowski'',  Rautenberg'',  Young  and  Hewlett'''  and  other  writers),  or  upon 
the  electrocardiographic  curve,  such  evidences  of  its  normal  activity  are 
consistently  wanting  by  each  and  all  of  the  grajjhic  methods  in  the  group  of 
cases  which  is  engaging  our  special  attention'-. 

The  conclusion  which  it  is  impossible  to  avoid,  a  conclusion  which  is 
accepted  by  all  those  who  have  given  reasonable  attention  to  the  subject, 
is  that  the  normal  presystohc  auricular  contraction  is  in  abeyance, 
temporarily  or  permanently. 

Paral3'sis  of  the  auricle  has  been  suggested,  but  little  support  is  now 
found  for  this  hypothesis.  The  conditions  of  the  circulation  are  often  such 
that  it  is  impossible  to  suppose  that  the  pressure  in  the  auricles  is  increased. 
Moreover  it  is  dubious  whether  we  are  justified  in  aj^plying  the  term  parah'sis 
to  heart  muscle,  if  we  mean  by  paralysis  comjjlete  inactivity  of  the  muscle. 
The  maintenance  of  a  state  of  complete  flaccidity  in  cardiac  muscle,  sur- 
rounded by  conditions  favourable  to  its  nourishment  and  to  its  contraction, 

*  Very  large  oscillations  may  be  obtained  by  placing  one  electrode  over  the  right  auricle  in  front 
and  the  other  in  the  neighbourhood  of  the  angle  of  the  right  scapula. 


334  Th.     LEWIS. 

for  an  appreciable  length  of  time,  is  a  proposition  foreign  to  the  experience 
of  experimentalists.  A  deprivation  of  its  functional  powers  would  lead  us  to 
expect,  from  the  analogies  provided  by  pathology,  an  obliteration  of  its 
macroscopic  and  microscopic  characteristics.  The  observation  of  hypertrophy 
in  the  auricle  at  autopsy,  led  ^lackenzie  to  abandon  his  earlierview  of  paralysis 
and  influenced  him  in  concluding  that  the  auricle  is  active.  The  view  was 
supported  by  the  reappearance  of  signs  of  auricular  contraction  in  paroxysmal 
cases.  We  are  led  to  a  precisely  similar  contention  by  the  evidence  yielded 
by  the  electrocardiographic  curves.  The  auricle  is  the  seat  of  an  electric 
disturbance  of  a  peculiar  yet  distinctive  nature.  The  constancj-  of  the 
oscillations,  their  unicjue  appearance  and  their  presence  thronghont  the  nhole 
of  the  cardiac  cycle,  is  responsible  for  the  convictions  that  they  are  an  essential 
feature  of  complete  irregularity  and  that  the  activity  of  the  auricle  is 
continual. 

Co-ordinate  contraction  of  the  auricle  at  any  period  of  the  cardiac 
cycle  other  than  that  of  ventricular  systole  can  be  readily  excluded.  Co- 
ordinate and  simultaneous  contraction  of  auricle  and  ventricle  can  also  be 
set  aside,  for,  as  will  be  stated  in  the  sequel,  it  gives  rise  to  an  entirely  different 
clinical  picture  (see  p.  360). 

As  a  whole,  the  evidence  points  in  the  most  convincing  manner  to 
the  conclusion  that  co-ordinate  contraction  of  the  auricle  is  absent,  and  to 
the  conclusions  that  activity  is  present,  and  that  this  activity  is  a 
continuous  one. 

In  experimental  work  we  encounter  but  one  variety  of  auricular  activity 
in  which  inco-ordination  of  the  separate  fibres  is  present,  and  this  mechanism 
is  one  in  which  the  auricle  is  in  unceasing  movement.  It  is  the  state  known  as 
fibrillation  or  delirium. 

The  remainder  of  this  communication,  therefore,  in  so  far  as  it  deals  with 
the  mechanism  of  the  irregularity,  will  be  directed  in  the  main  to  a  comparison, 
of  as  searching  a  natvu'e  as  possible,  between  complete  irregularity  in  man  and 
auricular  fibrillation  as  it  is  induced  in  the  lower  animals.  For  it  is  upon 
this  comparison  that  the  survival  or  overthrow  of  the  hypothesis  suggested, 
namely  the  identity  of  the  two  conditions,  must  ultimately  depend. 


Oscillations  similar  to  those  characterising  complete  irregitlarity  of  the  heart 
in  man  are  found  experimentally  when  the  auricle  is  fibrillating,  and  these 
oscillations  are  produced  in  the  auricle  as  a  result  of  the  fibrillation. 

For  the  purpose  of  exjDeriment  dogs  have  been  employed.  They  have 
been  rendered  insensitive  with  morphia  and  paraldehyde,  and  during  the 
course  of  the  experiments  complete  or  deep  surgical  anaesthesia  has  been 
maintained  by  the  administration  of  a  sufficiency  of  ether.  Fibrillation  of 
the  auricle  has  been  induced  by  faradic  stimulation  of  an  auricular  aj^pendis. 
The  auricle  was  exposed  by  one  of  two  operative  measures,  by  making  a 
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window  in  the  chest  wall,  or  by  splitting  the  sternum  and  exposing  the 
whole  heart.  Utilising  the  former  route  a  small  incision  has  been  made  in  the 
pericardium  and,  two  fine  insulated  wires  being  attached  to  the  auricle,  the 
opening  in  pericardium  and  chest  wall  has  been  closed.  By  withdrawing 
the  air  from  the  chest  the  natural  conformity  of  the  chest  and  spontaneous 
respiration  could  be  restored.  The  second  method  has  been  confined  to 
exiieriments  in  which  it  was  necessarj'  to  obtain  synchronous  myocardiograms 
from  auricle  and  ventricle  or  to  those  in  which  electrocardiograms  taken  by 
means  of  direct  leads  from  the  heart  were  desired.  Simultaneous  arterial 
curves  were  obtained  with  Hiirthle's  manometer,  simultaneous  venous 
curves  by  employing  portions  of  the  poh'graphic  apparatus. 

The  electrodes  adopted  for  the  gtilvanometric  leads  were  of  t\\o  kinds. 
In  leading  from  the  right  fore-paw  and  left  hind-paw  the  clinical  electrodes  were 
utilised.  In  leading  direct  from  the  heart  the  flexible  electrodes  described  by 
Gotch''  were  found  to  be  most  serviceable.  The  auricle  was  faradised  until 
fibrillation  was  estabhshed,  the  stimulation  was  withdrawn  and  the 
curves  taken  before,  during  or  after  the  return  of  the  normal  or  sequential 
contraction. 

The  oscillations  which  are  obtained  experimentally  as  a  result  of  faradic 
stimulation  of  the  auricles  are  unique,  for  they  occur  in  no  other  experimental 
condition.  They  are  seen  in  Figs.  20  and  22.  They  consist  of  variations 
which  succeed  each  other  rapidly,  at  a  rate,  in  the  experience  of  these 
experiments,  varying  approximately  from  500  to  900  per  minute.*  They 
replace  the  usual  P  variations  of  the  normal  rhj.-thm  and  produce  the  same 
deformation  of  the  T  variations  as  in  the  clinical  curves.  In  leading  from 
the  terminations  of  suj^erior  and  inferior  vena  cava,  the  oscillation  is 
sometimes  characterised,  as  is  t!ie  clinical  oscillation,  by  its  more  abrupt  rise 
and  more  gradual  fall  (Fig.  31  //). 

Though  never  absolutely  regular,  yet  at  times  the  spacing  is  remarkable 
for  its  tendency  to  regularity,  a  cjuality  noted  in  the  chnical  curves.  They 
continue  throughout  the  whole  of  the  cardiac  cycle. 

The  proposition  that  these  variations  are  generated  in  the  auricle  and 
that  they  depend  upon  the  delirium  in  the  walls  of  that  chamber  is  easily 
substantiated.  They  are  only  present  when  the  auricle  fibriUates,  and  are 
entirely  absent  from  the  curves  yielded  by  the  same  animals  when  the 
normal  rhythm  is  re-estabhshed.  Figs.  20  and  21  are  two  simultaneous 
electrocardiograms  taken  from  a  single  animal  within  a  few  minutes  of  each 
other.  The  first,  during  an  auricular  fibrillation  period,  exhibits  the  oscilla- 
tions ;  the  second,  after  the  re-establishment  of  the  normal  sef[uence,  shows 
none,  but  the  P  variations  have  reappeared. 

There  is  a  relationshi])  between  the  rate  and  amplitude  of  the  electric 
oscillations,  and  the  vibrations  seen  in  myocardiograph  curves.     It  is  well 

*  The  estimation  of  the  rate  of  oscillations  is  necessarily  only  approximate,  for  they  are 
irregular.  The  rates  were  calculated  where  several  similar  oscillations  succeeded  each  other  and 
the  finest  \-ibrations  have  been  neglected. 
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known  that  auricular  fibrillation  may  be  of  many  grades,  the  movement  of 
muscle  levers  is  fine  or  coarse  in  the  same  experiment  or  from  animal  to 
animal.  It  is  only  rarely  that  an  actual  correspondence  can  be  found  between 
the  individual  muscle  movements  and  the  electric  variations,  and  this  is  to 
be  expected,  for  the  whole  auricle  is  active,  and  only  a  small  portion  of  the 
muscular  movement  is  recorded.  Nevertheless,  correspondence  may  be 
found  in  some  degree.  When  the  muscular  movement  is  small,  and  the 
vibration  of  the  lever  rajiid,  the  oscillations  tend  to  be  of  small  excursion  and, 
as  seen  under  vagal  stimulation,  may  reach  a  rate  of  900  or  more  per  minute.* 
With  the  coarse  fibrillary  movements  on  the  other  hand,  the  electrical 
variations  are  of  greater  amplitude  and  are  slower.  Fig.  29  shows  simul- 
taneous curves  from  ventricle  and  auricle,  and  an  electrocardiogram.  In  the 
left  hand  portion  of  the  figure  the  auricle  is  fibrillating,  the  ventricular  beats 
are  irregular,  the  movement  in  the  auricle  is  of  the  coarse  variety.  In  this 
instance  the  auricular  muscle,  though  fibrillating,  appears  throughout  to  be 
on  the  borderland  of  a  return  to  co-ordinate  contraction.  Thus  in  the  last 
half  of  the  fibrillary  period  the  sej^arate  vibrations,  as  seen  in  the  muscle 
curve,  are  almost  though  not  absolutely  regular  at  a  rate  of  450  per  minute. 
The  movement  in  the  first  half  of  the  fibrillary  period  is  more  disorderly 
and  a  little  more  rapid.  The  figure  is  a  reduction  of  a  greatly  magnified 
photograph  of  the  original  curve.  During  the  whole  of  the  fibrillary  period 
it  is  possible  to  establish  a  definite  relationship  between  the  individual 
movements  expressed  by  the  auricular  curve  and  the  oscillations  which  appear 
upon  the  electric  curve.  During  the  last  half  of  the  fibrillary  period  (R'  to  R'°) 
an  oscillation  falls  with  each  of  the  peaks  R  and  with  each  of  the  variations  T. 
As  a  result  the  height  of  these  waves  is  enhanced,  and  a  picture  bearing  a 
superficial  resemblance  to  2  :  1  heart-block  is  produced.  The  rate  of  the 
auricular  movement,  the  absence  of  absolute  regularity  and  the  great 
reduction  of  the  auricular  muscular  movement  when  compared  to  the  normal, 
demonstrate,  however,  that  this  portion  of  the  curve  cannot  be  interpreted 
in  this  way.  In  the  earlier  portion  of  the  curve  (beats  2-7)  the  auricular 
inco-ordination  is  more  clearly  visible,  but  here  also  a  complete  analysis  of 
the  electrocardiogram  is  possible  by  exact  fixation  of  the  instants  at  which  the 
individual  auricular  and  ventricular  movements  fall.  The  curve  as  a  whole 
is  a  complex  picture  composed  of  an  accurate  super-imposition  of  R  and  T 
variations,  the  result  of  ventricular  systoles,  and  of  auricular  variations, 
marked  P'  to  P"^.  It  would  seem  that  the  oscillation  appearing  in  auricular 
fibrillation  is  the  total  result  of  the  electric  changes  occurring  in  the  individual 
fibres,  and  that  similarly  the  movement  of  the  myocardiograph  lever  is  the 
total  result  of  the  combination  of  contractions  and  relaxations  of  the 
individual  fibres.  If  at  any  given  time  a  greater  number  of  fibres  are  in 
contraction  than  there  are  fibres  in  relaxation,  and  such  a  state  would  be 
anticipated  when  the  auricle  is  tending  to  return  to  a  normal  or  co-ordinate 

*  Speaking  of  the  coarser  oscillations  only. 
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mechanism,  then  a  tendency  to  general  contraction  of  the  chamber  as  a  whole, 
and  an  inclination  for  the  electric  variations  of  given  direction  to  superimiJose 
and  produce  a  more  or  less  prominent  resultant  curve  would  be  present. 
There  is  evidence  of  a  similar  kind  (which  has  been  referred  to  in  a  former 
communication)  in  the  case  of  fibrillation  of  the  ventricle  and  the  similar 
osoillations  which  are  the  outcome  of  it. 

The  location  of  the  electric  change  in  the  auricle  is  a  simple  matter  if 
direct  leads  are  taken  from  the  heart  itself,  and  from  various  parts  of  the 
body  wall.  The  oscillations  are  maximal  \\  hen  the  lead  is  from  the  auricular 
substance  (Fig.  31  /  and  //),  and  their  ampUtude  decreases  according  as  the 
distance  sejjarating  auricle  and  electrode  is  widened  (Fig.  31  F  and  F/). 
Curves  taken  from  the  ventricle  direct  show  comparatively  little  trace  of  the 
oscillations  while  the  auricle  is  fibrillating  (Fig.  31  ///). 

There  is  therefore  no  question  but  that,  in  experimental  auricular  fibril- 
lation, oscillations  in  the  electric  curve  are  produced  which  may  be  definitely 
located  as  arising  in  the  auricle  ;  there  is  equally  no  doubt  that  the  oscillations 
are  produced  as  a  result  of  the  fibrillation,  for  they  are  contem^joraneous  with 
it  and  with  no  other  mechanism. 

It  is  only  at  the  time  when  this  communication  is  arriving  at  com- 
pletion, that  the  preliminary  notice  of  Rothberger  and  Winterberg's 
researches  has  come  to  my  notice.  The  curves  which  they  give  as  illustrating 
auricular  fibrillation  in  limb  leads  are  of  the  same  nature  as  those  portrayed 
by  the  accompanying  figures. 


The   electrocardiographic  curves  compared  in  wore  detail. 

One  of  the  outstanding  features  in  the  electric  curves  of  both  the  clinical 
condition  and  experimental  fibrillation  is  the  presence  of  oscillations.  These 
oscillations  vary  considerably  in  form,  in  rate  and  in  extent  from  case  to 
case,  and  from  experiment  to  experiment.  But  when  the  material  for 
selection  is  abundant  it  is  often  possible  to  choose  from  the  comparates 
examples  of  curves  which  are  alike  i)ictorially.  Collectively  the  curves  fall 
into  line  rather  in  virtue  of  qualities  which  they  bear  in  common. 

Rothberger  and  Winterberg,  making  independent  observations,  have 
recently  drawn  attention  to  the  oscillations  in  auricular  fibrillation,  and 
have  noticed  the  resemblance  of  the  o.^cillations  found  to  those  seen  in  cases 
of  irregularity  of  the  heart. 

For  purposes  of  pictorial  comparison  two  curves  have  been  selected,  and 
are  shown  in  Figs.  22  and  23.  The  first  is  an  exi^erimental  curve,  and  the 
second  is  from  a  case  of  mitral  stenosis  with  completely  irregular  pulse.  The 
similarity  is  striking.  In  instances  where  the  ventricular  beat  is  rapid 
(Fig.  15),  and  where  on  this  account  the  oscillations  are  obscured,  the  nature 
of  the  rhythm  is  identified  not  so  much  by  searching  for  oscillations  as  by 
noticing  the  deformity  of  those  portions  of  the  curve  which  lie  between  the 
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adjacent  peaks  R  R  .  The  pieces  of  curve  referred  to  show  no  resemblance 
to  each  other.  A  similar  example  but  an  experimental  one  is  shoA\  n  in  Fig.  17 
(the  last  half  of  the  curve).  The  first  half  of  this  curve  represents  the  escape 
follo\\ing  vagal  stimulation.  The  oscillations  -which  are  so  completely 
unmasked  by  the  prolongation  of  diastole  escape  attention  in  the  succeeding 
cj-cles.  In  the  clinical  curves  the  peak  R  is  exaggerated,  as  compared  to 
the  normal.  The  same  remark  applies  to  most  experimental  curves  (the 
comparison  may  be  made  in  Figs.  20  and  21  and  in  Fig.  20).  The  difference 
is  also  present  in  curves  taken  direct  from  the  ventricle  (Fig.  31  /// 
and  7F)- 

Again,  there  is  the  fact  that  in  experimental  as  well  as  in  clinical  curves 
the  general  character  of  the  ventricular  complex  is  unaltered.  In  the  dog  this 
can  be  readily  demonstrated  by  leading  from  any  two  pointsof  the  ventricular 
surface.  The  same  type  of  curve  is  yielded  whether  the  auricle  is  fibrillating 
or  in  co-ordinate  contraction.  Fig.  31  ///  and  IV  may  be  compared.  The 
former,  taken  while  the  auricle  is  fibrillating,  shows  a  faster  heart  beat  to  the 
right  and  the  last  phases  of  the  shorter  cycles  are  curtailed.  To  the  left  of 
the  same  figure,  the  full  complex  is  shown  while  the  heart  is  escaping  from  the 
inhibitory  slowing.  The  ventricular  complexes  are  of  the  same  form  as  those 
exhibited  while  the  sequence  is  normal,  and  the  heart  regular  (Fig.  31  IV). 
The  same  fact  may  be  sho\^n  Mhen  the  oscillations  lack  prominence.  Leads 
from  the  upper  and  lower  part  of  the  chest  of  the  same  animal  gave  similar 
and  normal  ventricular  curves  with  one  or  other  mechanism  present  (Fig.  31 
V  and  VI).  The  two  illustrative  curves  show  the  same  events,  the  passage 
from  fibrillation  to  normal  sequence,  but  in  VI  the  galvanometer  was  arranged 
to  give  an  excursion  approximately  three  times  as  great  as  in  V. 

The  electrocardiographic  curves,  experimental  and  clinical,  are  alike 
in  every  other  respect.  The  irregular  distribution  of  the  ventricular  peaks  R, 
the  direction  of  these  peaks  (direction  of  base  negativitj)  and  the  submerged 
variation  T,  are  features  held  in  common.  There  is  a  further  characteristic, 
which  deserves  more  attention.  It  is  common  to  both  clinical  and  experi- 
mental curves.  There  is  no  fixed  relationship  between  the  heights  of  the 
peaks  R,  and  either  the  pauses  which  precede  them  or  the  height  of  corres- 
ponding carotid  beats.  The  absence  of  both  relationships  is  shown  in  Figs  15 
and  17.  The  same  disproportions  are  seen  in  the  condition  known  as  heart 
alternation*,  and  it  is  not  improbable  that  a  common  factor  aids  in  its 
generation  under  the  tMo  sets  of  circumstances.  But  though  I  believe  a 
phenomenon  of  this  sort  plays  some  part,  yet  in  certain  of  the  records  it  is 
obviously  a  minor  factor.  It  will  be  clear  that  when  the  oscillations  are 
extensive  in  amplitude  that  much  will  depend  upon  the  relative  positions  of 
peak  R  and  summit  of  auricular  oscillation.  The  individual  oscillation  may 
be  regarded  as  _/y_  shaped ;  if  a  peak  R  falls  where  the  depression  between 


*  Winterberg''"  has  reported  some  observations  from   which    he    coucludes  that  fibrillation 
leaves  behind  it,  on  terminating,  a  state  of  altered  contractility. 
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two  adjacent  oscillations  occurs,  that  peak  will  be  relatively  short  ;  if  it  falls 
on  the  summit  its  height  will  be  enhanced  ;  while  falling  on  the  side  of  the  y\_ 
a  midway  position  maj^  be  expected.  Evidence  for  this  view  was  advanced  in 
the  discussion  of  Fig.  29,  and  a  careful  examination  of  Figs.  22  and  23 
substantiates  it.  The  oscillations  in  these  two  figures  are  not  spaced  with 
absolute  regularity,  but  it  is  possible  to  reconstruct  those  oscillations  which 
are  distorted  by  R  variations  coinciding  with  them.  It  is  found  that  where 
a  jjeak  R  falls  at  a  point  at  which  the  summit  of  an  oscillation  is  to  be  antici- 
pated the  peak  is  tall  in  comparison  to  one  which  falls  where  a  dejjression 
is  expected.  On  the  other  hand  there  are  many  curves  in  which  this  explana- 
tion is  insufficient.  Fig.  ol  III,  is  an  experimental  curve  taken  by  means  of 
direct  leads  from  the  right  ventricle  during  fibrillation.  Oscillations  are 
entirely  absent,  yet  there  is  the  absence  of  relationship  between  the 
ampUtude  of  preUminarj'  variations  and  the  length  of  preceding  pause. 

Reviewing  the  electrical  phenomena  as  a  whole  it  becomes  manifest 
that  the  chnical  and  experimental  curves  resemble  each  other  in  every 
resiject.  The  close  pictorial  resemblance  in  man\'  instances,  and  the  absolute 
identity  of  all  the  essential  characteristics  taken  alone  or  in  relation  to 
corresponding  events,  are  in  themselves  sufficient  to  carry  conviction  of  a 
similar  mechanism  in  chnical  and  experimental  instance. 


The  radial  curves  compared. 

In  1006,  Cushny  and  Edmunds^  *"'  investigated  a  case  of  paroxj'smal 
irregularity  of  the  heart.  Unfortunately  no  venous  curves  were  taken, 
but  from  the  radial  tracings  it  is  in  the  highest  degree  probable  that  the 
irregular  heart  action  with  which  they  were  dealing  was  of  the  nature  here 
considered.  These  authors  drew  attention  in  their  paper  to  the  close 
similarity  of  the  radial  curves  taken  from  their  patient  and  arterial  curves 
obtained  from  dogs  in  which  the  auricle  was  in  a  state  of  fibrillation.  They 
remarked  in  particular  upon  the  absence  of  relationship  between  the  height 
reached  by  the  arterial  beats  and  the  pauses  preceding  them. 

In  so  far  as  the  experimental  arterial  curves  are  concerned,  I  have  little 
to  add  to  the  description  given  by  Cushny  and  Edmunds.  The  irregularity 
of  the  arterial  pulse  in  auricular  fibrillation  is  absolute  and  has  the  same 
qualities  as  those  presented  by  the  curves  in  complete  irregularity-  of  the 
heart  in  man.  The  rate  of  the  ventricles  is  increased.  Some  examples  of 
the  Hiirthle  manometer  curves  taken  from  the  carotid  of  a  single  animal  are 
given  in  Fig.  6.  A  short  strip  of  normal  curve,  the  onlj'  piece  in  the  figure,  is 
shown  in  the  third  fine.  At  the  point  where  the  arrow  is  placed,  the  auricle, 
which  had  spontaneously  ceased  to  fibrillate,  was  faradised  once  more  and 
the  fibrillation  ^\ as  re-induced.  The  curves  were  taken  \\ith  the  chest  wall 
intact  and  may  be  compared  with  the  numerous  radial  tracings  given  in  this 
paper  (Fig.  1,  etc.). 
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Fig.  6(1-6).  X  3  linear.  The  time  marking  is  in  seconds.  Hiirthle  manometer  curves  from  the 
carotid  of  a  dog  in  wliich  the  auricle  was  fibrillating.  Chest  wall  intact.  A  small  portion  of 
normal  curve  is  shown  in  line  3.  At  the  point  where  the  arrow  is  placed  the  auricle,  which 
had  resumed  its  normal  rhythm,  was  faradised. 


The  venous  curves  and  their  comparison. 

The  venous  curves  associated  with  complete  irregularity  of  the  heart 
have  been  discussed  at  length  in  the  j^receding  pages. 

The  venous  curves  in  experimental  auricular  fibrillation  were  obtained 
by  exactly  similar  means*.  The  ink  polygraph  was  emploj-ed,  and  large  and 
well-fed  dogs  were  chosen  for  the  purjjose.  The  femoral  curves  were  secured 
by  exposing  the  arterj^  in  the  thigh  and  by  stitching  the  receiving  apparatus 
in  place  over  it.  The  jugular  tracings  were  obtained  by  fastening  the 
receiver  to  the  shaven  neck  ;  the  application  of  vaseline  ensured  complete 
closure  of  the  transmitting  S3^stem.  Curves  have  been  taken  with  the 
chest  open  and  closed.  They  present  no  essential  difference  ;  those  which 
illustrate  this  section  are  examples  from  animals  in  which  the  chest  wall  had 
been  restored. 

In  Fig.  7  a  and  b  strips  of  curve  from  a  single  animal  are  represented. 
In  the  upper  curve  the  normal  rhythm  is  interrupted  by  a  short  induced 
paroxysm  of  irregularity  due  to  fibrillation  of  the  auricle.  The  venous 
tracing  while  the  rhythm  is  regular,  before  and  after  the  paroxysm,  consists 
of  clearly  inscribed  a,  c  and  v  waves.  During  the  paroxysmal  period  each 
of  the  irregular  beats  (several  fail  to  impress  the  femoral  curve)  is  accom- 
panied by  two  prominent  waves  in  the  veins ;  the  waves  are  separated  from 
each  other,  and  the  second  wave  is  succeeded,  by  a  well-marked  depression. 


*  Hering*'  states  in  a  recent  note,  that    he  has   seen  venous    curves,  and   that   they  are  of 
ventricular  form. 
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The  main  waves  fall  in  the  systolic  interval,  E,  but  where  the  pause  of 
diastole  is  long  a  stasis  wave  is  also  apparent.  The  lower  tracing  of  this 
figure  shows  the  onset  of  a  similar  paroxysm,  and  the  venous  curve  at  its 
commencement  is  of  the  same  type.  Towards  the  termination  of  the  curve 
there  is  a  succession  of  more  rapid  beats  and  the  corresjjonding  venous 
curves  inchne  to  the  plateau  form  ;  the  systohc  depression  of  the  slower 
beats  is  wanting.  At  no  point  in  either  tracing  are  true  presystolic  waves 
discoverable  while  the  auricle  is  fibrillating.  The  venous  records  are  of 
precisely  the  same  type  as  those  which  characterise  the  clinical  condition. 
The  figures  may  be  compared  most  profitably  with  Fig.  2  B  and  A,  and  with 
Fig.  4  B  (experimental  venous  curves,  abnormal  and  normal,  are  also  shown 
in  Figs.  20  and  21).  The  variation  in  form  with  the  enhanced  rate  of 
ventricular  beats  has  its  clinical  parallel.  Further,  in  the  exi^erience  of 
these  experiments,  variations  have  been  met  with  which  seem  to  indicate 
that  the  plateau  type  of  venous  curve  may  result  from  cardiac  dilatation, 
but  this  feature  has  received  no  special  investigation.  The  ijlateau  form  is 
more  commonly  found  towards  the  end  of  an  experiment.  The  examples 
given  in  Fig.  8  belong  to  the  later  stages  of  an  experiment. 

Fig.  8  is  published  to  illustrate  the  effects  of  vagal  stimulation. 
Irritation  of  the  vagus,  while  the  auricle  is  in  dehrium,  produces  very 
definite  effects.  By  inspection  of  the  auricle  it  is  determined  that  the 
muscular  activity  is  more  finely  subdivided  and  more  flickering  duringthe  time 
of  inhibition.  The  auricle  is  more  ballooned.  At  times  the  fibrillation  ceases 
altogether  (Kronecker  and  Spallitta"*,  Pliillijjs^'*'''^^).  In  my  experience  the 
cessation  of  the  delirium,  and  the  return  of  the  normal  sequence  under  vagal 
stimulation  is  almost  invariable,  provided  that  the  fibrillation  has  been 
of  short  duration.  But  the  result  is  not  absolutely  constant,  and  it  is  less 
frequent  when  the  inco-ordinate  movement  has  been  present  for  many 
minutes.  The  increased  distension  is  invariable.  The  ventricular  rhythm  is 
always  markedly  retarded  (K.  andS.),  and  the  rate  of  beat  is  slow  for  some 
while  after  the  cessation  of  the  stimulation.  As  the  heart  quickens  again 
it  may  do  so  in  response  to  a  fibrillating orto  a  normally  contracting  auricle.* 
When  an  auricle  has  been  fibrillating  uninterrupted!}'  for  some  while,  and 
the  vagus  has  been  stimulated  and  slow  ventricular  action  has  resulted, 
I  have  noticed,  by  no  means  infrequently,  that  after  the  cessation  of 
stimulation  and  with  the  re-establishment  of  rapid  response  to  fibrillation, 
the  latter  having  continued  for  a  brief  period  only,  gives  place  to  normal 
or  co-ordinate  contraction.  The  retardation  of  the  ventricular  beat,  while 
the  auricle  is  still  fibrillating  is  probabl}'  due,  as  Cushny  and  Edmunds 
suggest,  to  a  hindrance  to  the  passage  of  the  auricular  impulses  across 
the  auriculo-ventricular  junction.  Both  the  curves  which  are  given  in 
the   accompanying    figure    (Fig.  8)  show   a  return   to  the  normal  rhythm 

*  According  as  the  inhibitory  influences  have  or  have  not  re-established  the  predominance  of 
the  normal  pace-maker. 
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after  a  period  of  ventricular  slowing.  But  in  each  instance  a  greater  or  lesser 
grade  of  A-V  heart-block  is  demonstrated  by  the  venous  curves,  after  the 
restoration  of  the  usual  sequence.  In  the  uj^per  tracing  the  a-c  interval  is 
wider  with  the  first  few  beats  and  gradually  diminishes  up  to  the  point  where 
the  stops  are  seen.  The  heart-block  is  of  a  higher  grade  in  the  second  tracing. 
At  the  escape  of  the  auricle  from  its  fibrillarj'  state  it  meets  with  no  ventricular 
response,  and  during  the  rest  of  the  figure  a  2  :  1  relationship  of  auricular 
and  ventricular  sj'stoles  is  maintained.  The  definite  sign  of  obstruction  to 
the  passage  of  auricular  impulses  and  the  halved  ventricular  rate  which 
results  in  the  later  stretches  of  the  curve,  strongly  favour  the  view  that 
during  the  fibrillary  period  the  slowing  has  been  brought  about  in  a  similar 
manner,  namely  by  a  reduction  of  the  number  of  impulses  conveyed  from  the 
upper  chamber.  Subsequently,  the  clinical  import  of  these  remarks  \\ill  be 
more  manifest. 

The  duration  of  the  fibrillation  is  clearly  depicted  in  the  figure.  As  soon 
as  the  pulse  rate  falls  and  the  diastolic  pauses  reach  an  appreciable  length, 
fine  oscillations  following  each  other  at  a  rate  of  approximately  700  per 
minute  make  their  appearance  in  the  venous  curves.  They  are  produced 
by  the  fibrillarj^  movements  of  the  auricular  wall  and  vanish  at  the  return 
of  the  co-ordinate  contraction  of  its  musculature  (thus,  in  the  upper  tracing 
the  fibrillation  ends  at  the  spot  indicated  by  the  arrow)*. 

The  appearance  of  these  rapid  and  small  undulations  of  pressure  in 
the  veins  during  experimental  fibrillation  finds  its  parallel  in  the  clinical 
case.  The  waves  are  not  found  in  all  cases,  experimental  or  clinical  ;  a  slow 
ventricular  action  is  essential  (cp.  Fig.  4  A.  and  the  discussion  relating  to  it). 
A\liile  their  dependence  upon  fibrillation  in  the  experimental  case  cannot  be 
gainsaid,  a  similar  origin  is  not  demonstrated  with  equal  facility  in  the 
clinical  instance.  At  the  same  time  an  additional  observation  is  helpful. 
In  man  the  rate  of  the  venous  waves  is  approximately  the  same  as  the  rate 
of  the  electric  oscillations.  Simultaneous  electric  and  venous  curves  are 
shown  in  Fig.  19.  The  oscillations  are  clear  in  both  lines,  and  the  rate 
is  approximately  450  in  each.  The  rate  as  portrayed  by  this  figure  may  be 
compared  with  that  found  in  Fig.  4  A,  a  curve  obtained  from  the  same 
patient  on  the  same  day.  A  comparison  between  the  rates  of  the  experi- 
mental oscillations  and  the  experimental  venous  undulations  in  the  figures 
already  described  is  not  practicable,  for  the  vagal  stimulation  alters  the 
character  of  the  fibrillation.  To  the  naked  eye  and  in  myocardiograph 
curves  the  movement  appears  finer  and  faster  during  inhibition.  The 
electric  oscillations  are  also  more  rapid  under  these  circumstances  (see 
Fig.  17,  in  which  the  rate  is  approximately  800  per  miuute).  In  many 
instances  the  rapidity  is  even  greater.     I  have  tried  on  several   occasions 

*  In  the  lower  tracing,  the  fibrillation  ends  in  what  appears  to  be  a  fiJl  auricular  contraction. 
I  have  soon  the  same  in  electric  curves  ;  it  has  probably  taken  place  in  Fig.  31  //  ;  such  beats 
usually  yield  anomalous  electric  curves,  and  are  not  the  outcome  of  sinus  unpulses. 
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to  institute  a  less  precarious  comparison  by  severing  the  auriculo- 
ventricular  bundle,  in  the  hope  of  obtaining  simultaneous  venous  and 
electric  curves  while  the  ventricular  beat  is  slow  and  the  oscillations 
prominent,  but  so  far  the  experiments    have  lacked  success. 

It  seems  plausible  to  attribute  the  finer  state  of  fibrillation  under 
vagal  stimulation  to  the  phenomenon  assigned  as  the  cause  of  the  slowing  of 
the  ventricle,  namely,  to  heart-block,  at  the  A-V  junction  in  the  one  case, 
and  in  the  walls  of  the  auricle  in  the  other.  A  conclusion  which  seems 
warranted  and  which  is  more  relevant  to  the  main  thesis  of  this  communica- 
tion is  that  the  venous  and  electric  oscillations,  be  they  clinical  or  experi- 
mental, are  the  result  of  one  and  the  same  mechanism. 

Reviewing  the  observations  upon  the  venous  pulse  in  complete 
irregularity  of  the  heart  and  in  experimental  auricular  fibrillation  we  may 
state  that  the  records  are  alike  in  every  respect. 

A  summary  of  the  comparison  instituted  beticeen  the  records  obtained  in  com- 
plete irregularity  of  the  heart  in  man,  and  in  experimental  auricular 
fibrillation. 

In  an  earlier  section  it  was  stated  that  the  proi^osition  advanced, 
namely,  that  the  two  conditions,  complete  heart  irregularity  in  man  and 
auricular  fibrillation  in  the  dog  are  of  one  and  the  same  nature,  must  stand 
or  fall  by  a  careful  comjjarison  of  the  two  conditions.  This  comparison  has 
been  completed  in  the  intervening  sections.  It  has  been  ascertained  that 
the  clinical  and  experimental  conditions  resemble  each  other  in  every  resjject 
in  which  they  have  been  investigated.  The  observations  are  summarised  in 
the  following  table,  which  consists  of  a  systematic  list  of  the  features  presented 
in  common. 

The  radial  curves. 

1.  Rate  increased  as  compared  to  the  normal. 

2.  Presence  of  absolute  irregularity. 

3.  Absence  of  fixed  relationship  between  the  strength  of  a  beat  and 

the  preceding  pause. 

4.  The  jnesence  of  many  "  dropped  "  beats,  and  of  beats  of  all  shapes 

and  sizes. 

The  venous  curves. 

1.  The  presence  of  the  ventricular  form  of  venous  pulse  (the  absence 

of  "re"  tvaves). 

2.  The  appearance  of  definite  variations  in  the  form  of  the  individual 

venous  pidse  curves. 

3.  The   presence   during   diastole   of   rapid   undulations   of   venous 

pressure  ichen  the  heart  beat  is  sloiv. 
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The  elrcirornrdiograms . 

1.  The  occurrence  of  a  base  negdtive  varicttinn  B  at  the  commencement 

of  ventricnJnr  systole. 

2.  The  jnesence  of  a  variation  T  ichich  is  deformed  in  leads  from  the 

extremities,  but  ichich  is  clear  cut  and  of  normal  form  in  leads 
from  the  heart  itself. 
."?.    The  absence  of  an  auricular  systolic  variation  P. 

4.  The  occurrence  of  continuous  oscillations,  generated  in,  or  in  the 

vicinity  of,  the  auricle.  The  rapidity  of  the  oscillations. 
Their  disappearance  when  the  normal  rhythm  is  resumed.  • 

5.  The  absence  of  fixed  relationship  between  the  height  of  the  peak  i? 

and  the  length  of  the  preceding  heart  pause.  The  absence 
of  relationship  between  the  height  of  R  and  the  height  of 
corresponding  arterial  curves. 

6.  The  increase  in  the  size  of  R  as  compared  to  the  similar  2>^al:s 

of  the  normal  curve. 


Auricular  fibrillation  as  a  clixical  entity. 

The  clinical  and  experimental  comiiarison  employed  as  a  deliberate 
test  of  the  proposition,  originally  based  upon  jjiirely  clinical  facts,  is 
invaluable.  Without  it  our  attitude  towards  a  large  group  of  clinical  cases 
remains  in  the  hypothetical  stage.  With  the  comparison  hesitancy  gives 
place  to  a  feeling  of  securitj-,  and  we  may  approach  our  patients  with  a  true 
appreciation  of  the  affection  which  we  so  frecpiently  encounter.  The  meaning 
of  many  otherwise  obscure  manifestations  becomes  clear,  and  we  are  in  a 
position  to  pursue  the  path  of  investigation  towards  the  hojied  for  cure  or 
prevention  with  the  sense  of  a  firm  footing. 

The  possibilitj'  of  the  occurrence  of  auricular  fibrillation  as  a  clinical 
phenomenon  has  been  recognised  bj'  several  writers.  As  we  have  seen,  it 
was  suggested  bj^  Cushny  and  Edmunds.*  Their  suggestion,  based  as  it  was 
upon  the  comparison  of  the  arterial  curves  in  a  single  clinical  case  with  those 
obtained  experimentally,  has  not  developed  up  to  the  jiresent  time  ;  the 
hypothesis  was  a  tentative  one.  In  the  discussion  at  the  end  of  their  paper 
thev  state  :  "Of  course  we  cannot  claim  to  have  sho^^n  definitely  any 
connection  between  this  type  of  irregularity  in  the  dog's  heart  and  that  in  the 
case  described.  At  the  same  time  there  exist  similarities  between  them,  and 
the  sudden  onset  of  the  irregularity  in  each  case  suggests  a  common  cause;" 
Wenckebach'"',  writing  a  year  later,  briefly  discussed  the  jjossibility. 

In  1908,  Hirschf elder'-'  published  some  notes  on  auricular  fibrillation, 
and  concluded  that  certain  cases  of  paroxysmal  tachycardia  were  the  result 


*  The  first  suggestion  came  from  Ciishny  ( Joi/rn.   Erper.   Med..   1S99,  iv.   340). 
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of  increased  auricular  irritability.  The  auricular  tachycardias  to  which  he 
refers  are  of  an  essentially  different  nature  to  the  disturbance  of  heart  rhythm 
which  we  are  discussing,  and  there  is  no  reason  to  suppose,  but  on  the  other 
hand  every  reason  to  deny,  that  they  are  the  result  of  auricular  fibrillation 
in  the  true  sense  of  the  term.  But  when  the  auricle  is  faradised  with  a  weak 
current,  a  preliminar\-  quickening  of  rhythm  takes  place,  and  as  the  stimulus 
is  increased  and  spreads  fibrillation  may  ensue.  In  this  limited  sense  a 
connection  may  be  traced  between  regular  auricular  tach\'cardias  and 
auricular  fibrillation,  and  I  have  met  with  a  single  instance  in  which  the  one 
condition  (regular  auricular  tachycardia)  passed  directly  into  the  other 
(connplete  heart  irregularity-  or  auricular  fibrillation).  (This  instance  is 
subsequently  described  ;    Fig.  !•  and  explanatory  remarks*.) 

It  may  be  said,  therefore,  that  although  auricular  fibrillation  has  been 
regarded  by  certain  isolated  observers  as  a  possible  phenomenon  in  clinical 
pathology,  its  association  with  an\-thing  bej'ond  rare  cases  of  paroxysmal 
tachycardia  has  not  been  serioush'  attempted  until  the  last  few  months.  The 
introduction  of  the  string  galvanometer  as  an  aid  to  diagnosis  has  facilitated  a 
much  wider  conclusion.  While  these  investigations  «ere  in  progress  this 
conclusion  has  been  partially  and  independently  arrived  at  by  Rothberger 
and  Winterberg"\  working  in  Vienna.  In  their  preliminary  communication 
they  conclude  that  certain  cases  of  pulsus  irregularis  perpetuus  are  due  to 
fibrillation.  A  large  clinical  exj^eriencc  of  such  cases  exempts  me  from  the 
necessity  of  restricting  m}'  conclusions,  and  permits  me  to  assert  that  all  such 
cases  belong  to  a  single  group,  and  that  the  mechanism  is  the  same  in  all. 

Where,  in  conjunction  with  an  al)solutely  irregular  pulse,  the  ventricular 
form  of  venous  pulse  and  the  characteristic  electrocardiogram  are  present, 
the  evidence  is  complete.  But,  as  in  a  large  number  of  patients  no  case, 
cxhil)iting  complete  irregularity  and  the  ventricular  form  of  venous  jiulse, 
ha.s  been  found,  which  does  not  show  likewise  the  typical  electric  records, 
the  electrocardiograms  cannot  be  held  as  essential  to  the  diagnosis.  Moreover, 
as  no  case  of  complete  irregularity  has  been  met  with,  or  has  been  recorded 
bj-  any  other  writer,  in  which  the  venous  pulse  when  given  maj^  not  be 
interpreted  as  of  the  ventricular  form,  and  as  the  cases  in  w  hich  these  venous 
and  arterial  signs  are  present  together  have  been  published  in  abundance, 
the  conclusion  may  be  carried  a  stage  further.  There  is  no  hesitation  in 
stating  that  in  the  vast  majority  of  ca.ses  of  complete  irregularity  of 
the  heart,  auricular  fibrillation  is  responsible  for  the  disturbance  of 
ventricular  rhythm.  It  is  sufficient  if  a  single  strip  of  curve  is  obtained  from 
the  radial  artery,  and  if  no  two  beats  on  the  strip  are  of  the  same  length 
(and  given,  of  course,  that  the  heart  rate  is  not  manifesting  a  gradual 
acceleration  or  retardation  while  such  a  strip  of  curve  is  recorded)  then  the 
statement  that  auricular  fibrillation  is  i)resent  is  justified  in  all  but  extremely 


*  Hewlett'  -  has  reported  a  case  which  was  very  possibly  of  the  same  nature. 
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exceptional  cases*.  It  may  be  affirmed  that  auricular  fibrillation  accounts 
for  the  largest  class  of  jjersistent  heart  irregularities  ;  a  class  A\hich,  broadly 
speaking,  composes  50  per  cent,  of  all  such  irregularities.  And  in  dealing 
M'ith  cases  of  mitral  stenosis  admitted  to  hospital  A\ith  failing  comjjensation, 
it  may  be  said  that  the  presence  of  auricular  fibrillation  is  the  rule. 

In  discussing  the  ((uestion  of  the  possibility  of  auricular  fibrillation.  I 
have  been  frequently  met  by  an  argument  of  ti  ]jurely  a  priori  nature  ;  and, 
judging  from  the  note  by  Rothberger  and  Winterberg,  these  observers 
api)ear  to  have  had  a  similar  experience.  It  is  said  that  it  is  inconceivable 
that  the  heart  should  remain  in  this  state  for  long  periods.  It  should  be 
known  that  Jano«  ski'"'  recorded  a  case  of  comjjlete  irregularity  of  5-i  years' 
duration,  and  Mackenzie  has  matched  similar  j)atients  for  even  double 
this  time.  In  reply  Rothberger  and  Winterberg  instance  the  persist- 
ence of  tremor  in  the  tongue  following  nerve  section,  and  I  may 
draw  attention  to  tlie  \\ ell-recognised  and  chronic  fibrillary  t^^itching 
of  the  voluntary  musculature  in  many  nervous  maladies-j-.  Fibrillation 
of  the  A'entricle  it  is  true  is  accompanied  by  almost  instant  dissolution, 
but  fibrillation  in  this  chamber  brings  the  circulation  to  a  prompt 
standstill.  The  auricles  are  not  indispensable  to  the  circuit  of  blood 
in  the  body,  but  may  be  regarded  rather  as  temporary  reservoirs  which 
accommodate  the  blood  flowing  to  the  heart  while  the  ventricle  is  in  systole. 
The  large  veins  are  perfectly  cajjable  of  subserving  this  function,  and  the 
resulting  general  disturbance  of  the  circulation  is  but  slight.  We  have 
perfectly  definite  evidence  that  the  normal  auricular  contraction  is  in 
abeyance  in  a  large  number  of  patients  in  whom  the  peripheral  circulation  is 
unhindered,  and  auricular  fibrillation  may  last  for  many  hours  in  a  dog 
and  yet  the  blood-flow  in  the  body  is  fair  throughout.  Therefore,  on 
the  ground  that  auricular  fibrillation  is  incompatible  with  a  continued  cir- 
culation, this  argument  may  be  entirely  dismissed.  If  it  is  implied  that  the 
hindrance  would  occur,  not  in  the  auricle,  but  in  the  ventricle  in  virtue  of  the 
high  grade  of  disorder  of  the  rhj^thm,  it  may  be  replied  that  such  an  argument 
is  but  a  denial  of  an  ascertained  fact.    The  secret  of  the  lack  of  disturbance  as 

*  Tlie  only  exception,  I  tliink,  is  the  rare  case  of  gross  sinus  arrhj-thmia,  independent  of 
respiration. 

1 1  had  hoi>ed  to  have  obtained  direct  evidence  upon  tliis  asjiect  of  the  question,  but  no  oppor- 
tunity has  presented  itself.  I  am  con\-inced  that  a  similar  affection  is  foiuid  in  the  lower  animals, 
and  ha\e  seen  one  example  of  it.  Examination  of  the  heart  in  vivo  was  not  practicable  ;  sooner 
or  later,  it  is  hoped,  obserx  ations  in  this  tUrection  will  be  forthcoming. 

Since  these  pages  were  wTitteii  a  horse  has  btx?n  obtained,  through  the  kindness  of  Professor 
Woodruff  of  the  Royal  Veterinary  College,  in  which  electrocardiographic  curves  demonstrated 
complete  irregularity  and  an  absence  of  P  variations.  The  horse  was  killed  and  the  chest 
quickly  opened.  Unfortunately  the  right  ventricle  was  damaged  during  this  o])eration. 
Inserting  the  hand  into  the  chest  the  ventricle  could  be  felt  to  beat  rapidly  and  irregularly. 
No  movement  could  be  felt  in  the  right  auiiclc.  The  ventricle  was  grasped  and  dravni  through 
the  woimd,  but  fibrillation  ensued.  The  auricle  was  then  seen  in  a  state  of  fibrillation,  and  it 
continued  to  fibrillate  until  all  movement  ceased.  Tlie  necessary  repetition  of  this  observa- 
tion will  be  undertaken  so  soon  as  opportvmitj-  presents  itself. 
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a  result  of  the  condition  per  se  seems  to  me  to  be  found  in  the  direction 
of  propagation  of  the  wave  of  contraction  in  the  ventricukr  nuiscuhiture. 
The  electric  records  testify  that  the  contraction  route  taken  is  the  normal 
route.  Strong  and  weak  contractions  may  be  mixed  together  in  }>r<)fusion, 
but  all  the  beats  v  ill  tend  to  be  effective  in  expelling  the  ventricular  contents, 
and  the  majority  of  the  beats  are  effective. 

Even  if  the  a  priori  arguments  could  not  be  met,  the  evidence  for  the 
proposition  is  so  positive  that  we  should  be  justified  in  setting  them  aside. 
A  case  is  recorded  in  this  communication  {CASE  12).  in  which  incontro- 
vertible evidence  (arterial,  venous  and  electric)  is  at  hand  to  prove  the 
presence  of  the  fibrillation  ;  and,  be  it  noted,  this  case  has  been  under 
observation,  and  has  presented  the  same  mechanism,  as  shown  by  arterial 
and  venous  curves,  for  a  space  of  five  years. 


Auricular  fibrillation  and  heart-block  ;   the  action  of  digitalis. 

It  is  by  no  means  uncommon  to  meet  with  clinical  cases  of  complete 
irregularity  in  which  the  ventricular  action  is  not  excessive,  and  instances  are 
not  infre(iuent  in  which  the  rate  is  actually  reduced.  Moreover  it  is  well 
know  n  that  in  complete  irregularity  of  the  heart  retardation  of  the  ventricular 
rate  constitutes  one  of  the  most  characteristic  actions  of  drugs  of  the 
digitalis  group.  In  consideration  of  the  fact  that  the  sinus  rhythm  is  in 
abeyance  the  cause  of  the  slowing  must  be  sought  in  a  part  of  the  musculature 
other  than  that  at  which  the  pace-maker  is  situate. 

In  discussing  the  experimental  venous  curves,  the  question  of  ventricular 
slowing  under  vagal  stimulation  received  attention,  and  facts  were  brought 
forward  in  favour  of  the  contention  that  the  retardation  is  the  result  of  the 
blocking  of  fibrillation  impulses  at  the  A-V  junction. 

Now  we  have  proofs  that  digitalis  acts  upon  the  vagus  and  that  the 
vagus  has  a  powerful  influence  upon  A-V  conduction.  Further,  we  have 
very  suggestive  evidence  that  digitalis  may  act  directly  upon  the  junctional 
tissues  between  auricle  and  ventricle.  The  facts  upon  which  these  con- 
clusions are  based  have  been  recently  examined  in  a  communication  to  the 
Quarterly  Journal  of  Medicine-^.  Their  relevance  to  the  phenomenon  of  ven- 
tricular slowing  in  clinical  fibrillation  should  be  obvious  ;  it  may  be  surmised 
that  digitalis  slowing  is  produced  either  by  a  direct  action  of  the  drug,  or  by 
an  indirect  action  through  the  vagus,  upon  the  junctional  tissues,  ^^'e  may 
examine  the  remaining  evidence  which  supports  this  view. 

We  know  that  in  rheumatic  heart  afleetion,  and  in  mitral  stenosis  in 
particular,  it  is  common  to  find  signs  of  imperfection  ot  conduction  of  the 
contraction  wave  from  auricle  to  ventricle  (see  CASE  11  and  12),  and  we 
are  also  aware  that  in  such  cases  it  is  the  rule  that  the  exhibition  of  digitalis 
or  allied  drugs  enhances  the  grade  of  heart -block  (Mackenzie' -  and  others). 
We  know  further,  as  a  result  of  Mackenzie's  work,  that  of  cases  of  auricular 
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fibrillation  (''  nodal  rhythm  ").  those  «hich  are  of  rheumatic  origin  or  those 
in  which  mitral  stenosis  is  present  are  most  susceptible  to  digitalis.  Therefore 
the  suggestion  which  is  put  forward  is  that  the  slowing  of  the  heart,  when 
auricular  fibrillation  is  present  and  digitalis  is  given,  is  due  to  an  increase 
of  a  previously  existing  defect*  in  the  conduction  to  the  ventricle  of  those 
impulses  which  are  built  uj)  rapidly  and  irregularly  in  the  auricle.  We  require 
facts  from  two  sources  in  confirmation  of  this  view.  First,  experimental  data 
are  necessary,  and  at  present  these  are  not  forthcoming.  Secondly,  we 
require  more  extensive  observations  which  will  show  rather  than  suggest 
that,  in  those  cases  of  fibrillation  in  which  digitalis  jiroduces  retardation, 
conduction  was  impaired  before  the  onset  of  the  new  rhythm.  Or,  more 
strictly  perhaps,  it  will  be  necessary  to  show  that  conduction  was  primarily 
imi^aired  in  a  much  larger  percentage  of  cases  which  react  than  of  cases  which 
fail  to  react,  for  it  is  possible  that  fibrillation  may  be  the  forerunner  of  conduc- 
tivity changes  in  some  instances.  These  statistics  will  be  slow  in  coming,  but 
already  there  are  indications  in  harmony  with  the  proposition.  It  is  the 
rheumatic  case  which  usually  reacts,  and  it  is  the  rheumatic  case  which 
usually  shows  altered  conduction.  Again,  taking  the  cases  which  are  recorded 
in  this  i^ajjer,  three  of  the  patients  observed  before  the  onset  of  fibrillation, 
or  during  the  intervals  between  2:)aroxysni,  have  been  thoroughly  tested 
from  this  point  of  view.  Two  of  the  cases  (CASES  2  and  -?6'),in  which  the 
a-c  or  P-R  intervals  were  of  normal  length  during  the  normal  sequence, 
failed  to  react']',  while  the  third,  a  case  [CASE  11)  in  which  conductivity 
was  definitely  impaired,  reacted  in  the  most  tyjjical  manner. 

We  have  seen  that  two  allied  phenomena,  increased  heart-block  when  the 
A-V  rhythm  is  present  and  retardation  of  the  ventricular  rate  in  auricular 
fibrillation,  may  occur  as  a  result  of  digitalis.  A  similar  parallel  may  be 
drawn  between  heart-block  arising  in  the  absence  of  drug  administration  and 
the  spontaneous  slowing  which  notinfrc(iuently  occurs  incompleteirregularity. 
Moreover  cases  are  on  record  in  which  the  irregular  rhythm  is  slow  from  the 
outset.  A  number  of  patients  w  ith  slow  and  irregular  heart  action  have  been 
collected  and  described  recently  l)y  Mackenzie^"  under  the  term  "  nodal 
bradycardia,"  and  they  form  an  extremely  interesting  group.  The  examina- 
tion of  one  or  more  such  cases  with  a  view  to  ascertaining  the  nature  of  the 
auricular  action  became  crucial.  As  a  result  it  has  been  found  that  auricular 
fibrillation  is  present  in  these  instances  also  ;  the  tw  o  cases  examined  may  be 
cited.  The  details  of  these  patients  are  most  instructive,  but  they  can  be 
alluded  to  but  briefly.  Both  cases  belong  to  the  series  reported  by  Dr. 
Mackenzie,  and  I  am  indebted  to  him  for  the  opjjortunities  of  re-examining 
them.  Fuller  clinical  reports  will  be  found  in  his  communication  to  this 
Journal  (p.  23). 

*  The  defect  may  be  a  potential  one  in  certain  instances, 
f  Digitalis  was  administered  imtil  sickness  resulted. 
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CASE  12. — Tlie  following  is  an  abstract  of  the  orioinal  i-p|X)rt  (  Heart,  Vol.  i,  p. -25). — W.  H.. 
a  subject  of  rheumatic  fever,  was  known  to  have  had  im]iairment  of  conduction  in  greater  or 
lesser  degree  for  12  years.  He  then  suddenly  develo|X"d  slow  and  irregular  action  of  the  heart 
and  <lem<)nstrated  the  ventricular  form  of  venous  pulse.  In  this  state  he  continued  a  week,  at 
the  end  of  which  time  tlie  pulse  was  again  regular  and  the  a-c  interval  was  0-4  sec.  in  length*. 
Seven  months  later  the  same  slow  and  irregular  action  of  the  heart  was  resumed  and  it  has 
jiersisted  until  the  present  time,  a  period  of  five  years. 

A  tracing  from  this  patient  is  given  in  Fig.  4  A.  On  the  day  upon  \\  hich 
he  came  for  re-examination  the  pulse  rate  was  40-68.  The  pulse  was 
absolutely  irregular,  the  venous  curve  being  of  the  ventricular  form.  There 
were  fibrillation  waves  in  the  curves.  In  Fig.  Ifl  simultaneous  electro- 
cardiographic and  venous  curves  are  shown.  The  electrocardiographic 
record  is  characteristic  and  the  usual  oscillations  are  present. 

There  can  be  no  question  but  that  the  case  is  one  of  auricular  fibrillation. 
The  long-continued  history  of  heart-block  previous  to  the  onset  of  the 
irregularity  and  its  presence  during  a  brief  interlude  strongh'^  supports  the 
view  that  the  slow  ventricular  rhythm  resulted  from  the  known  inefficiency 
of  the  junctional  tissues  which  transmit  the  irregular  impulses  formed  in  the 
auricle. 

CASE  13. — yi.  5r.,  age  45  (extract  from  Heart,  Vol.  i,  p.  33). — "  Permanent  nodal  rhj-thm, 
bradycardia  associated  with  mitral  stenosis.     Occasional  attacks  of  s\Ticope  and  convulsions." 

Recently  the  case  has  been  fulh-  re-investigated,  and  a  detailed  report 
of  it  will  be  found  in  the  contemporary  number  of  the  Quarterly  Journal 
of  Medicine.  The  main  facts  in  regard  to  the  patient  are  as  follows  : — Apart 
from  the  epileptic  seizures  the  pulse  rate  is  almost  constantly  at  or  about 
30  per  minute.  This  is  the  rate  generally  assumed  by  the  ventricle  when  it  is 
entireh'  dissociated  from  the  auricle.  As  in  complete  heart-block  the  pulse  is 
regular.  The  patient  has  syncopal  and  epileptic  attacks  in  every  way  similar 
to  those  met  \nth  in  the  subjects  of  complete  heart-block.  Extrasystoles.when 
they  occur,  are  followed  by  pauses  equal  to  the  spaces  between  adjacent 
beats  of  the  usual  slow  rhj*thm.    The  patient  has  had  syphilis. 

Briefly,  the  patient  jiresents  a  picture  identical  with  that  of  complete 
heart-block,  as  usually  recognised,  in  every  respect  but  one.  There  are  no 
co-ordinate  auricular  contractions.  The  venous  pulse  is  of  the  ventricular 
form  and  electrocardiograms  from  the  extremities  and  chest  wall  (Fig.  18 
and  explanation)  afford  clear  evidence  that  the  auricles  are  fibrillating. 

The  conclusion  is  unavoidable  that  the  case  is  one  of  complete  heart- 
block  (the  result  of  syphilis)  and  auricular  fibrillation.  The  regularity  of  the 
l)ulse  is  a  natural  consequence  of  the  inability  of  the  auricular  impulses  to 
reach  the  ventricle.  Fredericq'  has  shown  experimentally  that  section  of  the 
bundle,  while  the  auricle  is  fibrillating.  cuts  off  all  auricular  impulses. 

Dr.  Gibson,  of  Edinburgh,  has  drawn  my  attention  to  a  case,  of  con- 
siderable interest  in  this  connection,  which  he  reported  in  1906.     The  tracings 

*  The  normal  a-c  interval  is  0-2  sec.  or  slightly  less. 
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obtained  were  thofse  of  incomplete  heart-block  (the  auricular  rate  was  lOS 
and  the  ventricular  42).  On  one  occasion  there  was  a  temporary  dis- 
appearance of  the  auricular  venous  waves,  and  while  the  jmlse  becavie  com- 
jiletely  irregular,  though  still  phenomenally  slow,  faint  and  rapid  oscillations 
appeared  in  the  venous  curve.  (The  rate  of  the  oscillations  was  approximately 
375  per  minute,  as  shown  in  the  published  curve")-  A  post-mortem  revealed 
an  increase  in  the  fibrous  tissue  of  the  bundle  with  wide  separation  of  the 
fibres  constituting  it*. 

I  think  there  can  be  no  reasonable  doubt  that  here  also  auricular  fibril- 
lation and  heart-block  were  jjresent  in  combination,  and  the  most  important 
evidence  for  it  is  the  type  of  irregularity  which  the  pulse  assumed  when  the 
regular  auricular  waves  vanished. 

Reviewing  the  three  preceding  cases  \\e  may  conclude  tJiat  auricular 
fibrillation  occurs  clinically  in  association  with  heart-block,  either  partial  or 
com])lete.  The  case  for  a  similar  mechanism  under  digitalis  is  strengthened. 
And  I  would  go  further  and  put  forward  the  general  hypothesis  that  when 
auricular  fibrillation  is  present  and  a  slow  ventricular  action  is  found,  what- 
ever its  cause,  a  certain  degree  of  temporary  or  permanent  impairment  of 
the  functions  of  the  junctional  tissues  may  be  assumed. 

A  tabulated  statement  of  the  suggested  or  proved  relationships  between 
heart-block  and  auricular  filirillation  may  be  given  in  summing  up  the 
conclusions  of  this  section. 
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AURICULAR    FIBRILLATION. 


Hearlblocl:        Di:ji/ali.i  H.  B. 


Lengthened 
a-c  interval 


Duiilalls  H.B. 


lengthened  upontanemm  slowing  of  irregnlnr     nrdinnri)  digilah'a  sloiring 

a-c  interval  tachycardias 


2:1;  3: 1,  etc., 

heart-hlocl: 


Complete  heart- 
block 


2 : 1 ;  3  :  l.etr.,     spontaneous  slowing  of  marked      marked  sloinng  on  digitalis 
heart-block        '       grade,  and  case-t   with    onset  ■       {Maekenzie'") 
(Mackenzie''-}        o/    very   slow  and   irregular 

rhythm     (CASIC     12  '  ami  : 

Gibson's  patient) 


complete  heart- 
block^ 


auricular    fib.      and     complete      digitalis  slou'ing  icitli  the  pro- 
heart-block  (CASE  13)  I       duction  of  a  regular  pulse  of 
30-40  per  tninute   (••Heart," 
Vol.  I.  p.  39) 


*  I  may  add  that  Dr.  Gibson  writes  me  tliat  it  occurred  to  liim  at  the  time  that  the  auricles 
might  have  passed  into  fibrillation.  A  somewhat  similar  case  has  been  reported  by  Herxheimer 
and  Kohl  (Deutsch.  Archil'  f.  Klin.  Med.,  1910,  xiviii,  330),  but  the  facts,  I  believe,  have  been 
misconstrued. 

f  Tracings  from  a  case  of  temporary  ctimplete  lieart-block  the  result  of  the  administration  of 
strophanthus  were  shown  to  me  lately  by  Dr.  Emanuel  of  Birmingliam. 
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The  cause  of  the  onset  axp  duration  of  auricular  fibrillation. 

The  primary  object  of  this  paper  is  to  establish  the  fact  that  auricular 
fibrillation  is  a  frequent  clinical  affection.  Once  established  our  duty  lies 
in  the  direction  of  seeking  its  cause.  In  this  respect  I  am  unable  to  offer 
more  than  incomplete  evidence,  and  the  views  expressed  are  at  jiresent  almost 
purely  hypothetical. 

It  \yil\  be  generally  allowed  that  fibrillation  consists  in  the  elaboration  of 
numerous  and  fresh  impulses  in  the  auricular  walls.  It  may  be  regarded  as  a 
state  in  which  stimuli  are  generated,  at  many  separate  and  uncertain  points 
and  the  inco-ordination  of  the  contracting  fibres  may  be  held  to  result  from 
the  impact  of  contraction  waves  and  the  production  of  localised  areas  of 
block.  The  condition  may  be  compared  in  manj^  respects  to  the  confusion 
of  uncontrolled  traffic  in  a  crowded  thoroughfare.  In  seeking  for  an  explana- 
tion of  the  origin  of  auricular  fibrillation  we  naturally  turn  to  our  knowledge 
of  the  causes  which  originate  new  impulses.  That,  at  the  present  time, 
is  the  most  important  problem  relating  to  cardiac  irregularities. 

Xow  it  has  been  shown  that  an  increase  of  intracardiac  pressure  is 
succeeded  by  the  appearance  of  ectopic  impulses.  Hering'*  employed  this 
method  in  his  studies  of  extrasystoles.  Auricular  fibrillation  is  specially 
prominent  in  cases  of  mitral  stenosis  ;  the  high  intra-auricular  pressure  in  this 
disease  might  be  considered  sufficient  to  account  for  its  occurrence.  I  have 
observed  the  onset  of  auricular  fibrillation  in  experiment  on  several  occasions 
when,  by  pressing  on  the  abdomen,  the  venous  inflow  was  suddenly  increased. 
But  the  difficulty  of  accepting  the  view  as  a  general  hypothesis  is  obvious, 
for  auricular  fibrillation  occurs  in  many  cases  in  which  a  raised  auricular 
tension  may  not  be  assumed. 

A  purely  mechanical  doctrine  is  untenable.  The  cause  must  be  sought 
in  a  more  detailed  study  of  the  morbid  anatomy,  and  attention  should  centre 
in  the  auricular  \\  alls.  80  far  we  have  little  information.  Several  cases  of 
gross  irregularity  of  the  heart  were  investigated  by  Radasewsky'"  some  j-ears 
ago,  and  he  found  widespread  fibrosis  of  the  heart.  He  remarked  that  the 
damage  was  most  extensive  in  the  auricles.  Mackenzie'^  has  given  post- 
mortem notes  of  eight  cases  of  '"  nodal  rhythm  "  :  in  three  the  auricle  showed 
fibrosis,  in  two  reports  it  was  not  mentioned,  in  one  not  examined,  in  one 
the  septum  was  '"  stretched,"  in  one  atrophied.  The  ventricle,  on  the  other 
hand,  showed  fibrosis  in  seven  instances  :  in  one  it  is  not  mentioned  ;  in  six 
of  the  cases  the  junctional  tissues  were  fibrosed  or  otherwise  damaged.  It 
is  obvious  from  the  accounts  that  the  node  of  Tawara  and  the  bundle 
received  more  attention  than  the  rest  of  the  heart.  Schonberg'"  has  recently 
examined  five  hearts  from  patients  with  persistent  irregularity  :  in  one  case 
venous  and  radial  curves  are  available^-,  and  from  his  clinical  accounts  the 
remainder  were  probablj'  of  the  same  nature,  namely,  complete  irregulari- 
ties. He  found  a  chronic  inflammatory  (lymphocytic)  infiltration  of  the 
tissues  at  the  junction  of  superior  cava  and  auricle  in  all.     He  asserts  that 
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this  was  the  chief  lesion  ;  but  here  again  it  is  obvious  that  attention  lias  been 
concentrated  upon  a  limited  portion  of  the  musculature.  Amongst  the  cases 
belonging  to  this  investigation  one  only  has  come  to  autopsy.  It  was  a  case 
of  streptococcic  endocarditis,  and  a  large  area  of  ulceration  was  found 
on  the  septal  wall  of  the  left  auricle.  I  have  since  seen,  through  the  kindness 
of  Major-General  F.  Smith,  a  case  of  irregularitj'  in  a  horse.  The  irregularity 
was  complete,  as  shown  bj-  tracings,  and  a  systolic  pulsation  was  apparent 
in  the  veins  of  the  neck  and  reached  the  angle  of  the  jaw  while  the  animal 
was  standing.  Great  breathlessness  and  dropsy  were  present.  The  dis- 
turbance of  the  hearfs  rhythm  was  of  eight  months' duration.  An  examina- 
tion of  the  heart  showed  considerable  hypertrophy  of  the  ventricles  and 
auricles  ;  it  was  especially  marked  in  the  latter.  The  endocardium  of  the 
left  ventricle  and  auricle  was  opaque  and  thickened  ;  there  were  large  and 
scattered  patches  of  sub-pericardial  fibrosis  in  the  left  auricle,  but  in  no 
other  part  of  the  musculature.    (The  histology  will  be  reported  at  a  later  date.) 

It  is  possible  that  fibrosis,  by  interfering  with  the  circulation  in  restricted 
areas  of  the  musculature,  sets  up  a  state  of  irritability.  The  tendency  for 
ana?mia  of  the  muscle  to  bring  about  new  impulse  formation  is  readily 
demonstrated  experimentally.  Ligation  of  a  branch  of  a  coronary  artery  is 
usually  followed  by  the  appearance  of  extrasystoles""'.  But  it  is  difficult  to 
suppose  a  constant  state  of  ansmia  in  the  affected  tissues,  and  an  anwmia 
of  long  duration.  It  must  also  be  remembered  that  extensive  fibrosis  may 
occur  without  irregularity'". 

Some  light  seems  to  be  thrown  upon  the  cjuestion  by  an  examination  of 
the  relation  of  fibrillation  to  extrasystoles. 

There  apjiear  to  be  two  types  of  case  of  the  paroxysmal  aft'ection.  A 
type  in  which  the  interludes  are  characterised  by  a  perfect  regularity  of  the 
heart  (CASE  10),  and  a  type  in  which  the  regular  rhythm  of  tlie  slow 
period  is  interrupted  by  extrasystoles  (CASES  2  and  11). 

In  my  own  limited  experience  the  extrasystoles  \\  hich  interrupt  the  slow 
periods,  or  those  which  interrupt  the  normal  rhythm  prior  to  the  onset  of  the 
fibrillation,  have  been  auricular  in  origin  ( CASES  2  and  11).  Their  presence 
in  these  patients  and  in  certain  of  those  reported  by  ^Mackenzie  arrests 
attention.  We  cannot  divorce  the  problems  of  the  factors  influencing  the 
origin  of  single  and  multiple  ectopic  impulses,  neither  can  we  separate  these 
questions  from  that  of  the  origin  of  fibrillation.  The  production  of  a  single 
new  impulse,  of  a  series  of  impulses  from  a  single  focus,  or  of  multiple  impulses 
from  scattered  foci,  is  a  matter  of  degree.  Furtliermore,  we  cannot  exculpate 
these  single  ectopic  beats.  They  appear  toparticijiate  in  producingtheultimate 
crisis.  In  the  cases  observed  they  have  been  very  numerous.  In  the  last 
number  of  this  Journal  a  case  was  described  in  which  auricular  extrasystoles 
were  as  numerous  as  normal  beats,  and  in  this  2>atient  paroxysms  of  ectopic 
beats  were  seen,  which  also  arose  in  the  auricle.  On  one  occasion  while 
a  paroxysm  was  in  progress  the  auricle  passed  into  fibrillation  ;  and  after 
its  duration  for  about  half  a  minute  the  auricular  paroxysm  reappeared. 
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A  portion  of  the  curve,  is  reproduced  in  Fig.  0.  To  the  left  is  the  fibrillation 
l)eriod.  and  to  the  right  are  a  few  heats  of  the  paroxysm  for  comparison.  The 
original  curve  is  too  faint  for  publication,  but  the  two  sections  of  curve 
have  been  traced  by  a  skilled  draughtsman  and  the  original  is  well  portrayed. 
A  stop  and  two  inches  of  curve  have  been  excised  at  the  point  where  the 
vertical  line  is  placed.  The  change  from  one  mechanism  to  the  other  was  not 
recorded. 


Fig.  9.  H.  B.  (12th  .Aug.  1909).  From  a  case  fully  recorded  in  the  last  number  of  this  Journal 
(page  2G2).  The  original  ciu've  has  been  retraced,  and  two  inches  of  curve  liave  l>een  excised. 
To  the  left  the  electrocardiograph  shows  auricular  fibrillation.  To  the  right  is  a  paroxysm 
of  regular  tachycardia,  starting,  not  at  tlie  sinus,  but  in  the  auricular  walls.  This  fact  is 
recognised  because  the  auricular  variations  are  absent  in  their  usual  form.  The  peaks  R  of 
this  paroxysm  are  not  longer  than  those  of  the  preceding  fibrillation  period,  yet  they 
were  always  longer  than  the  peaks  R  of  the  normal  rhj-thm  when  the  two  could  be 
compared.  The  comparison  is  utiUsed  as  e\idence  that  the  peaks  R  of  fibrillation  are  higher 
than  those  of  the  normal  rhythm. 


Now  in  the  case  of  regular  auricular  paroxysmal  tachycardia  the  actual 
jDaroxysms  are  usually  if  not  always  foreshadowed  by  the  occurrence  of 
single  or  multiple  ectopic  beats  of  a  different  kind.  This  has  been  observed 
invariably  in  the  paroxysms  of  two  cases  of  auricular  tachycardia  ( Heart  I, 
p.  262  and  CASE  16.  ^\^th  Fig.  26  of  this  paper).  And  I  have  advanced  the 
view  that  the  preliminary  beats  stand  in  casual  relationship  to  the  paroxysms 
themselves.  If  single  or  multiple  beats  arising  in  the  auricle  m&y  pre- 
dispose to  the  production  of  a  paroxysm  of  regular  beats  also  arising 
in  the  auricle,  may  not  these  beats  also  account  in  part  for  the  onset 
of  an  attack  of  fibrillation  ?  The  c^uestion  arises  as  to  whether  a  beat 
arising  de  novo  in  a  chamber  of  the  heart  and  pursuing  an  abnormal 
course  in  this  chamber  will  enhance  the  irritability  of  the  musculature 
in  the  immediate  neighbourhood.  Supposing  that  two  or  more  extra- 
systoles  are  started  at  the  same  time  at  different  points  in  the  musculature 
of  an  irritable  auricle,,  are  not  those  factors  present  which  are  calculated  to 
produce  a  condition  of  absolute  inco-ordination  I 

The  evidence  is  at  present  onlj'  suggestive ;  long  paroxysms  of  rapidly 
recurring  beats  are  apparenth^  provoked  by  other  beats  of  a  similar  nature, 
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but  springing  from  a  separate  focus  {CASE  15).  The  suspicion  is  awakened 
tliat  an  extrasystole  enhances  the  irritabihty  of  the  tissues  affected,  and 
that  tlieir  presence  in  numbers  may  predispose  to  if  not  actually  determine  the 
culminating  inco-ordination.  Furthermore,  it  is  possible  that  fibrillation, 
when  once  produced  under  suitable  circumstances,  may  itself  maintain  the 
increased  irritability,  and  tlierebj-  tend  to  the  continuation  of  the  inco- 
ordinate state.  Whether  this  is  so  or  not  should  be  determinable  experi- 
mentally, and  there  are  already  facts  which  sujiport  an  answer  in  the 
affirmative.* 

Fibrillation  is  readily  produced  by  faradisation,  but  after  a  short  period 
of  faradisation  the  return  to  the  normal  rhj-thm  is  almost  immediate.  If 
the  muscle  is  stimulated  periodically  and  paroxysms  of  fibrillation  result, 
it  is  common  to  find  that  each  successive  stimulation  gives  a  more  permanent 
result,  that  is  to  say,  a  result  outlasting  more  and  more  the  actual  stimulation, 
and  often  a  final  stimulation  will  produce  a  long  continued  state  of  inco- 
ordination. Moreover,  the  longer  paroxysms  seem  to  be  less  under  inhibitory 
control.  Thus  it  may  be  held  that  the  fibrillation  itself  aggravates  the 
irritability  of  the  auricular  tissue.  It  is  perhaps  a  factor  of  this  nature  which 
accounts,  partially  at  all  events,  for  long  continued  auricular  inco-ordination 
in  patients  who  are  affected  with  it. 


Attricflar  fibrill.vtion  .\nd  ventricular  extr.\systoles. 

Radasewsky  found  diffuse  areas  of  fibrosis,  not  only  in  the  auricle,  but 
also  in  the  ventricle,  in  cases  dying  with  gross  heart  irregularit}'.  Mackenzie 
reported  similar  changes  in  "  nodal  rhj^thm."  Dr.  Koch,  of  Freiburg,  tells 
me  that  in  cases  of  complete  or  "  chronic  '"  irregularity  his  experience  is 
similar.  We  should  therefore  anticipate  that  in  diffuse  fibrosis  impulse  for- 
mation would  be  frecjuent  in  the  ventricle.  This  is  actually  found  to  be  the 
case.  In  the  intervals  between  paroxj-smal  attacks  or  before  the  onset  of 
permanent  irregularity,  ventricular  extrasystolesf  have  been  recorded  by 
Mackenzie.  But,  as  opposed  to  the  possibilities  in  the  auricle  there  is  no 
reason  wliy  co-ordinate  ventricular  responses  to  such  impulses  should  not 
occur  when  the  fibrillation  is  established.  Thej'  are  not  infrequent.  An 
example  has  been  recorded  by  Hering'^.  and  in  the  present  series  of  thirty 
cases  examined  electrocardiographically,  they  w  ere  exhibited  bj'  seven.  They 
are  recognised  mainly  by  the  electrical  variations  to  which  they  give  rise, 
and  bj'  the  fact  that  they  do  not  affect  the  arterial  pressure  in  the  same 
measure  as  do  the  ventricular  beats  which  result  from  auricular  impulses. 


*  It  would  be  of  interest  to  know  whether,  in  case.s  in  which  extrasystoles  are  frequent  while  the 
yiu\se  is  slow,  the  periods  of  irregular  tachycardia  are  of  longer  or  shorter  duration  than  in  those 
patients  in  whom  the  slow  pulse  is  uninterrupted  in  its  regularity. 

I  Analogy  would  suggest  the  occurrence  of  ventricular  fibrillation  al9<i.  Unexpected  death  in 
patients  with  fibrotic  hearts  is  n  well  recognised  fact,  and  it  is  nut  uncommon  in  patients  with 
auricular  fibrillation  {CASE  4). 
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A  notable  example  is  shown  in  Fig.  24.  The  responses  to  auricle  are  denoted 
in  the  usual  wa}',  the  first  variation  is  marked  R.  The  remaining  beats  are 
ventricular  extrasystoles  without  exception  :  (the  extrasystoles  are  marked 
E  and  the  variations  are  distinguished  by  letters  and  figures  indicating 
direction  and  order,  thus  «1  signifies  first  base  negative  variation).  In  the 
figure  none  produce  an  effect  upon  arterial  pressure.  Auricular  extrasytoles 
may  be  placed  out  of  court*  while  the  auricle  is  fibrillating,  and  this  is  clearly 
demonstrated  by  the  general  character  of  the  remainder  of  the  curve  and 
the  occurrence  of  oscillations  /  /. 

Considering  the  variations  presented  by  the  unusual  type  of  beats  alone, 
they  correspond  in  outline  to  those  obtained  by  stimulation  of  various  areas 
of  the  ventricular  musculature.! 

Such  extrasystoles  are  seen  most  commonly  when  the  ventricular  rate 
is  relatively  slow. 

Now  when  digitalis  is  administered  in  large  doses  to  patients  who  are 
suffering  from  complete  irregularity^  of  the  heart,  a  bigeminal  action  of  the 
ventricle  is  often  observed  when  the  retardation  is  marked.  The  pulse  still 
presents  irregularity,  but  it  may  hapj^en  that  the  shorter  pauses  of  the 
bigeminy  are  of  almost  or  quite  constant  length.  This  constancy  of  length 
is  explained  if  we  assume  that  the  second  or  weaker  beat  of  the  bigeminy  is 
a  response  to  a  ventricular  impulse  and  is  independent  of  auricular  impulses.  J 
An  opportunity  of  putting  the  matter  to  the  direct  or  galvanometric  test  has 
not  occurred. §  The  same  type  of  irregular  "  bigeminy  "  is  met  with  apart 
from  digitalis  administration,  and  an  example  of  it  is  shown  in  Fig.  4  C. 

OeRT.UN  conditions  niFFERENTIATEn. 

Cdses  in  irhirli  tlir  vcntricuhtr  form  of  venous  pulse  occurs,  hut  in  which  cither 
auriculiir  fihrilhttion  is  absent  or  in  which  the  evidence  is  insufficient  to 
justify   us  in  assumine/  its  presence. 

The  conclusion  has  been  formed  that  of  cases  manifesting  a  ventricular 
form  of  venous  pulse  those  which  show  complete  irregularity  of  the  heart 
belong  to  a  single  group,   that  of  auricular  fibrillation.     It   has  also  been 


*  It  must  he  noted  that  ahnormal  ventricular  \ariation3  may  oecur  in  heats  arising  as  a  result 
of  aurieular  iniimlses-'  Imt  the  remaining  arguments  ami  nhservation^^  prnhihit  such  a  supposition 
in  this  instance. 

f  Two  types  have  heen  figured  hj*  Kraus  and  Xicolai '"  and  have  been  allocated  to  right  and  left 
ventricle.  But  I  may  state  as  a  result  of  ohservationa  as  yet  unpublished  that  no  two  [loints  of 
stimulation  give  precisely  the  same  picture,  that  a  practically  constant  type  is  gi\en  from  any  single 
focus  of  stimulation,  and  that  such  type  may  be  held  within  certain  limits  as  characteristic  of  the 
focus  or  area  in  which  it  arises. 

J  The  constancy  of  the  short  pause  will  receive  the  .same  explanation  as  that  arhipted  in  other 
rases  of  accurate  coupling  ari.sing  as  a  result  of  ventricular  extrasystoles. 

§  Electrocardiograms  have  since  been  obtained  from  two  patients  exhibiting  the  coupling  in 
question.  In  each  instance  the  sec<ind  or  smaller  beat  yielded  an  anomalous  electric  complex. 
The  explanation  of  the  ci-uplin;;  adnpted  in  the  text  is  therefore  demonstrated  as  the  correct  one. 
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flenionstrated  that  auricular  inco-ordination  may  be  present,  and  j'et  the 
pulse  regular.  But  there  are  at  least  two  types  of  case  in  which,  while  there 
is  no  venous  sign  of  auricular  contraction  and  the  jiulse  is  regidar,  auricular 
inco-ordination  is  certainly  or  jirobably  absent.  Such  being  the  case,  an 
opinion  that  auricular  fibrillation  exists  is  not  justified,  where  the  pulse  is 
regular,  in  the  absence  of  electrocardiographic  records. 

The  first  type  is  that  in  w hich  the  pulse  rate  is  usually  of  normal  or  but 
slightly  increased  rate.  The  patients  are  not  infrequently  encountered,  and 
offer  signs  of  dilatation  of  the  right  heart  \\ith  considerable  distension  of  the 
veins.     An  example  of  a  polygraph  tracing  is  shown  in  Fig.  10. 


Fig.   10.     The  ventricular  form  of  venous  pulse  in  a  patient  with  regular  action  of  the  heart. 
Auricular  fibrillation  was  not  present  {CASE  14). 


CASE  14. — F.  W.,agirlaged  12,  had  suffered  from  three  attacks  of  rheumatic  fever,  and  there 
was  a  clear  history  of  pericarditis.  The  symptoms  consisted  of  severe  shortness  of  breath,  cough 
and  pain  in  tlic  chest  and  upper  abdomen.  On  examination  the  veins  were  seen  to  be  greatly 
distended  and  the  tension  in  them  was  increased.  The  pulse  was  regular  and  "  water  hammer  " 
in  character.  capillMV  pulsation  was  present.  The  liver  was  enlarged  and  pulsatile,  dropsy  of  the 
feet  and  ascites  were  foimd.  The  right  limit  of  cardiac  dulness  was  2  inches  and  the  left  0  inches 
from  the  mid-sternal  line.  There  was  definite  post-sternal  dulness  on  a  level  with  the  second 
and  third  ribs.  The  lungs  failed  to  cover  the  heart  daring  deep  inspiration  and  the  heart's  apex 
was  fixed.  An  early  diastolic  murmur  was  audible  over  the  greater  part  of  the  precordimn,  being 
maximal  at  the  aortic  cartilage.  An  occasional  faint  presystolic  niiu-mur  and  a  constant  systolic 
murmur  were  lionrd  at  the  apex. 


Aortic  regurgitation,  mitral  stenosis  and  pleuro-pericardial  adhesions, 
probably  extending  to  the  mediastinum,  were  diagnosed.  The  jjulse  was 
invariabh'  regular,  the  jugular  curves  failed  at  almost  all  times  to  show  any 
trace  of  presytolic  elevation.  In  the  tracing  given  (Fig.  10)  a  very  faint 
trace  of  a  wave  is  visible,  but  it  was  never  more  marked  than  here  depicted, 
and  usually  could  not  be  obtained.  The  electrocardiogram  demonstrated  a 
clear  P  variation  (Fig.  25).  The  case  is  an  example  of  the  ventricular 
form  of  venous  pulse  accompanying  the  normal  secjuential  chamber  con- 
traction.    (Similar  cases  have  been  reported  by  Hering'^  and  Hewlett-'.) 
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The  second  type  of  case  is  that  of  a  not  uncommon  form  of  paroxysmal 
tachycardia.*  I  have  met  with  three  cases  of  a  similar  if  not  identical 
nature  during  the  last  six  months.  In  one  case  mitral  stenosis  was  found  ; 
in  the  other  two  no  physical  signs  were  apparent  in  the  heart  except  during 
the  paroxysms.  The  paroxysms  were  associated  in  the  last  two  cases  with 
slight  but  progressive  dilatation,  and  the  throbbing  in  the  veins  of  the 
neck  was  sufficiently  forcible  to  suggest  arterial  pulsation.  Tracings 
are  given  from  one  of  these  patients  in  Fig.  1  la  and  b.  Fig.  1  k/  was  obtained 
between  two  paroxysms  ;  Fig.  1  lb  during  a  paroxysm.  In  the  first  curve  the 
venous  pulse  is  of  the  auricular  and  in  the  second  of  the  ventricular  form. 
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Fig.  1  la  and  6.  Two  polygraph  tracings  from  a  patient  %nth  paroxysmal  tachycardia.  Tracing  a 
is  normal.  Tracing  6  shows  the  venous  pixlse  to  be  of  the  ventricular  form  wliile  the  paroxysm 
is  in  progress.    Tlie  pulse  is  regular  in  b<itli  curves. 


In  both  curves  the  arterial  pulse  is  regular,  the  respective  rates  are  !:I2  and 
147.  In  the  absence  of  electrocardiographic  curves  it  is  imjiossible  to 
ascertain  the  nature  of  the  mcchaiiisni.  It  may  be  of  a  kind  suggested  by 
Wenckebach-'',  for  it  is  possible  that  with  an  increased  As-Vs  interval  the 
auricular  contraction  falls  back  on  the  jjreceding  ventricular  systole.  In  the 
case  of  mitral  stenosis,  previously  referred  to,  this  explanation  would  suffice, 
for  a  prolongation  of  the  a-c  and  P-R  intervals  was  present  while  the  pulse 


*  Certaui    regular   jiaroxysms   actxinipanied   by   the    ventricular   form   of    venous   pulse   and 
described  by  Mackeniic '"  and  Hewlett--'  may  be  included  in  tliie  group. 
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was  slow.  In  the  patient  from  whom  the  figured  traeings  were  taken  no 
impairment  of  eonductivity  was  ever  noticed  and  the  increase  of  rate  was  not 
great.  We  may  perhaps  be  deaUng  with  jjaroxysms  starting  in  the  ventricle. 
The  point  of  importance  at  present  is  the  fact  that  interpretations 
otlier  than  auricular  fibrillation  suggest  themselves,  and  that  while  the 
pulse  is  fast,  but  regular,  the  latter  may  be  rationally  excluded. 


Trtte  "  noddJ  rhythm"  is  a  rare  af  faction  (iitd<jives  risetoarlinical  picture  entirely 
at  variance  irith  that  of  the  (lisorderhj  action  of  the  heart  hitherto  considered. 

In  the  preceding  })ages  it  has  been  demonstrated  that  the  condition 
which  has  hitherto  passed  in  this  country  under  the  name  of  "  nodal 
rhythm  "  is  in  reality  due  to  an  inco-ordinate  action  of  the  auricle  known 
to  experimentalists  as  auricular  fibrillation.  In  the  discussion  based  on 
purely  clinical  data  it  was  stated  that  it  could  be  shown  that  auricle  and 
ventricle  are  not  contracting  together.  There  are  many  reasons  which 
militate  against  the  acceptance  of  the  vie\\  of  synchronous  contraction  of 
the  two  chambers  in  complete  irregularity  of  the  heart.  These  reasons  I 
do  not  propose  to  consider,  for  they  will  readily  suggest  themselves  as  a 
result  of  the  observations  which  have  been  discussed.  At  the  same  time  I 
desire  to  place  on  record,  for  purposes  of  contrast,  a  single  and  fully  con- 
sidered instance  of  what  I  regard  as  a  case  approaching  as  nearly-  as  possible 
to  what  may  be  termed,  in  the  present  state  of  our  kno\\ledge,  true  nodal 
rhythm.*  It  will  be  shown  that  a  rhythm  may  be  generated  in  the  auricle 
near  to  or  at  its  junction  with  the  ventricle,  and  that  the  clinical  picture  to 
which  it  gives  rise  is  strikingly  at  variance  ^^  ith  that  which  is  presented 
by  complete  irregularity  of  the  heart. 

The  following  case  is  the  only  one  of  its  kind  A\hich  I  have  met  with 
personally,  and  so  far  as  I  am  aware  only  one  patient  showing  signs  of  a 
similar  though  not  identical  nature  has  been  so  far  recorded.  The  case 
referred  to  is  that  reported  by  Rihl'^  ;  the  description  of  the  case  is  meagre, 
but  the  venous  curves  show  a  condition  of  paroxysmal  tachycardia  and 
appear  to  substantiate  the  author's  conclusion  that  during  the  ])aroxysms 
auricle  and  ventricle  contracted  simultaneously.  The  condition  is  therefore 
a  very  infrequent  one. 

The  patient,  a  report  of  whose  condition  is  no\\  given,  has  been  under 
continuous  observation  for  many  months,  and.  of  the  numerous  observations 
which  have  been  made  upon  him,  attention  will  be  chiefly  directed  to  those 
which  directly  affect  the  general  conclusions  of  the  present  communication. 


*  The  term  atrio -ventricular  rhythm  would  perhaps  be  more  consistent  with  our  present 
knowledge  ;  for  while  we  m.ay  state  with  a  fair  degree  of  probability  that  such  rhythms 
originate  in  the  junctional  tissues,  their  accurate  location  in  the  node  is  not  possible  at  the 
present  time. 
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CASE  15. — H.  If.,  a  labourer,  aged  61,  came  to  the  out-patient  department  at  the  City  of 
London  Hosjiital  on  4tli  October.  l'J09.  complaining  of  pain  in  the  left  side  of  the  chest,  shortness 
of  breath  and  palpitation. 

Past  illnesses. — As  a  child  he  contracted  measles  :  twelve  years  ago  he  states  that  he  had 
"  blood-poisoning  "  as  a  result  of  drain  work  (with  fever,  headache  and  vomiting).  He  waa  laid 
up  for  nine  weeks.  Five  years  ago  he  had  rheumatic  fever,  but  has  not  suffered  from  a  return 
of  tliis  affection. 

Present  iJlness. — His  sj-mptoms  date  from  5Iarch.  l'J09,  when  he  was  ill  for  three  weeks  with 
pain  in  the  upper  part  of  the  stomach,  loss  of  ap|)etite,  and  vomiting.  The  vomit  was  white 
and  contained  slime  ;  occasional  clots  of  blood  were  ejected  and  the  motions  were  black.  The  pain 
has  continued  in  a  less  aggravated  form  but  the  vomiting  has  ceased.  Discomfort  in  the 
epigastrium  is  esjierienced.  amounting  at  times  to  actual  pain  of  a  lancinating  character.  The 
appetite  is  jjoor  and  the  bowels  are  confined.  Shortness  of  breath  has  Ijecn  present  throughout, 
and  is  esjiecially  prominent  upon  moderate  or  se\ere  exertion.  He  sufferes  from  a  sense  of 
exhaustion,  cliiefly  ex[)erienced  in  the  legs.  There  is  often  a  beating  in  tlie  chest,  more  par- 
ticularly when  in  the  ujiriglit  posture  and  after  exercise.  It  has  been  absent  at  night,  and  is  in 
abeyance  while  he  is  resting,  but  even  when  recmnbent  he  has  felt  it  at  times.  \\'hile  standing 
he  often  becomes  giddy  and  shaky  in  the  limbs.     He  is  losing  weight. 

Condition  (-tth  October,  1909). — A  poorly  nourished,  anaemic  subject,  who  carries  Ids 
years  indifferently.  There  is  general  arterial  disease  :  the  arteries  of  the  arms  are  conspicuous 
throughout  the  major  partof  their  course.  Systolic  blood-pressure  ranges  from  1 10  to  150  mm.  Hg.. 
There  are  no  signs  of  pleuro-pericardial  adhesions  or  aneurism.  The  pulse  is  of  the  Corrigan 
ty|)e  and  capillary  jjulsation  is  present.  The  right  limit  of  cardiac  dulness  is  1  inch  and  the 
left  4i  inches  from  the  middle  line.  There  is  a  systoUc  murmur  at  the  ai>ex  Ijeat,  which  is  forcible, 
and  the  mvirmiu-  is  well  conducted  to  the  axilla  and  left  scapula.  The  second  sound  is  normal  at 
the  ajwx.  At  the  aortic  cartilage  there  is  a  faint  but  definite  early  diastolic  murmur.  There  are 
no  physical  signs  ]X)inting  to  gross  lesion  of  the  stomach. 

The  chief  feature  of  the  ease  is  an  irregularity  of  the  heart,  which  consists 
of  occasional  or  frequent  extrasystoles,  and  of  short  paroxjsnis  of  tachycardia. 
The  interruptions  of  the  otherwise  regular  rhythm  are  always  present  in  some 
degree  ;  they  are  usualh*  frequent  when  the  patient  stands,  but  much  less 
frequent  while  he  is  recHning.  If  examined  in  the  standing  posture  the  short 
paroxysms  are  always  found,  if  laid  on  his  back  they  promptly  disappear, 
and  for  several  hours  the  irregularities  may  be  absent.  But  if  at  any  time 
he  stands  again  there  is  a  return  of  the  fleeting  periods  of  tachycardia. 
Change  of  posture  has  been  frequenth-  ascertained  to  be  almost  invariable 
in  its  effects.  The  paroxysms  do  not  occur  in  the  sitting  posture,  and 
therefore  cannot  be  ascribed  to  the  action  of  gravity  upon  the  heart.  They 
are  not  present  after  or  during  exertion,  or  long  periods  of  suspended 
respiration,  in  the  recumbent  posture.  The  postural  observations  have 
recently  been  extended  by  Dr.  Marris  of  St.  George's  Hospital.  He  finds 
that  there  is  a  critical  angle,  during  the  change  from  horizontal  to  vertical 
lie.  at  which  the  ectopic  beats  appear.  He  has  further  observed  that  a  tight 
abdominal  binder  aboHshes  the  irregularity  which  prevails  in  the  erect 
posture.  Venous  filling,  or  more  properly  the  lack  of  it,  therefore  appears 
to  be  an  important  contributory  factor  in  the  production  of  the  abnormal 
mechani.sm. 

The  reaction  of  the  heart  to  posture  has  necessarih-  resulted  in  difficulty 
in  obtaining  venous  curves.    The  paroxj-smal  venous  curves  have  been  won 
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on  three  occasions  only.  It  has  also  rendered  the  simultaneous  record  of 
venous  and  electrocardiographic  curves  impossible  ;  the  electrocardiograms 
were  taken  with  the  patient  standing.  The  paroxysms  and  single  inter- 
ruptions are  immediately  recognised  by  the  patient  when  they  occur. 

The  pulse,  when  regular  between  the  paroxysms,  is  usually  slow,  its  rate 
varies  between  37*  and  70  per  minute.  At  times  there  is  a  certain  degree 
of  sinus  arrhythmia.  The  extra  or  ectopic  beats  which  interrupt  the 
normal  rhj'thm  are  of  varied  form. but  most  of  them  conform  to  the  recognised 
pictures  of  auricular  and  '"  nodal  "  extrasj-stoles,  when  examined  in  the 
venous  curves.  The  electrocardiographic  tracings  show  at  least  four 
varieties,  but  as  their  nature  is  not  entirely  clear  further  reference  to  them 
will  be  postponed.  More  frequently  than  otherwise  they  differ  from  the 
beats  of  the  paroxysm  itself.  In  this  respect  they  resemble  the  single 
interruptions  met  with  in  other  cases  of  paroxysmal  tachycardia. 

The  paroxj'sms  consist  of  a  series  of  regularly  placed  beats  (there  is  some 
general  diminution  of  rate  as  the  individual  attack  proceeds),  and  the  rate 
lies  between  135  and  160  per  minute.  Alternation  is  very  frequent,  and  in 
simultaneous  electrocardiographic  and  radial  curves  the  small  beat  in  one 
may  correspond  to  the  large  beat  in  the  other,  or  vice  versa.  The  onset  of 
the  tachycardia  is  marked  by  the  occurrence  of  several  anomalous  beats 
which  do  not  properly  belong  to  it.  In  the  radial  curves  (Figs.  27-28)  they 
are  differentiated  by  the  low  level  which  they  occupy  in  the  curve,  and  by 
their  relative  insignificance,  ^'enous  curves  (Fig.  27,  second  paroxysm) 
may  point  to  their  having  a  higher  originf  than  the  beats  of  the  paroxysm 
proper.  The  high  level  of  origin  is  also  borne  out  by  the  electrocardiographic 
curves  (Fig.  26),  as  will  be  seen  later. 

The  contractions  of  the  heart  during  the  paroxysm  proper  yield  venous 
curves  which  consist  of  high  peaked  waves,  similar  to  those  seen  when 
auricle  and  ventricle  are  known  to  contract  together  (e.g.,  in  complete 
heart-block  and  in  cases  of  single  ventricular  cxtrasystolc).  The  points  at 
which  a  and  c  are  estimated  as  due  do  not  fall  absolutely  together,  but 
they  are  nearer  together  than  is  the  case  with  certain  of  the  premonitory 
beats.  The  length  of  the  interval  is  generally  0-06  sec,  the  «-c  interval  of 
the  normal  rhythm  is  0-2  sec.  (The  presphygmic  interval  for  normal  and 
paroxysmal  beats  is  the  same  on  the  arterial  side).  The  venous  curves 
definitely  indicate  that  auricle  and  ventricle  are  in  simultaneous  contraction. 
Yet  the  auricular  contraction  commences  at  a  slightly  earlier  time  than  does 
that  of  the  ventricle.  The  interval  is  too  short  to  permit  of  the  conclusion 
that  ventricle  is  responding  to  auricle,  but,  on  the  contrary,  it  may  be  supposed 
that  the  two  chambers  are  contracting  in  response  to  a  common  source  of 
impulse  formation.  It  may  be  argued,  from  the  evidence,  that  this  commtm 
focus  lies  nearer  to  the  auricle  than  to  the  ventricle.     In  other  words,  the 


*  Tills  low  rate  occurred  during  sinus  arrlijthmin.    The  usiml  ratu  is  50-54. 
t  The  higher  the  origin  the  greater  ia  the  a-c  intorval. 
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facts  suggest  that  the  impulses  are  derived  from  the  neighbourhood  of.  or 
actually  arise  in,  the  node  of  Tawara  (the  junction  of  auricle  and  bundle). 

The  relationship  of  the  auricular  and  ventricular  systoles  is  borne  out  by 
the  electrocardiographic  curves.  Comparing  the  beats  of  paroxysm  and 
normal  rh\-thm  in  Fig.  26.  the  essential  difference  between  them  lies  in  the 
shape  of  the  variation  which  chrectly  precedes  R  (the  first  event  of  the 
ventricular  cycle):  in  the  normal  curve  this  variation  P  is  recognised  from  its 
presystolic  situation  to  be  the  result  of  auricular  systole.  In  the  paroxysmal 
beat  a  variation  of  similar  extent  is  observed,  but  it  is  directed  downwards 
instead  of  upwards.  The  complete  inversion  of  P  during  the  paroxysm 
very  strongly  suggests  that  the  wave  of  contraction  in  the  auricular  walls 
has  travelled  in  a  direction  the  reverse  of  the  normal.  In  previous  com- 
munications I  have  already  referred  to  the  importance  of  these  abnormal 
P  waves,  and  to  their  significance  as  indicating  an  alteration  of  direction  of 
beat  and  therefore  a  dislocation  of  the  site  of  impulse  formation  ujion  which 
they  are  dependent.  In  the  present  instance  it  maj'  be  concluded  that 
instead  of  passing  from  above  downwards  the  wave  of  contraction  has 
travelled  from  below  upwards*.  The  interval  P-R  in  the  normal  l)eat  is 
014  sec.  and  in  the  abnormal  or  paroxysmal  beat  it  is  008  sec.  The 
difl:"erence  between  the  two  is  less  than  would  be  anticipated  from  the  venous 
curves,  but  both  the  nature  of  the  abnormal  P  variation  and  the  closing  up 
of  the  P-R  interval  confirm  the  previous  conclusion  drawn  from  polvgrajih 
curves,  namely,  that  the  contraction  of  both  auricle  and  ventricle  is  derived 
from  a  single  impulse  generated  between  auricle  and  ventricle,  but  rather 
nearer  to  the  former  than  to  the  latter. 

A  fortunate  experimental  observation  has  placed  both  the  measurements 
and  the  interpretation  upon  a  satisfactory  footing.  In  the  figures  so  far 
discussed  we  have  no  simultaneous  venous  and  electric  curves,  and  the 
absence  of  such  curves,  curves  which  would  have  proved  of  value,  is  the 
necessary  outcome  of  the  postural  changes  of  rhythm  found  in  the  patient. 
But  the  curves  actually  shown  were  taken  within  an  hour  of  each  other,  and 
one  may  be  read  into  the  other.  The  exjierimental  observation,  to  which 
we  may  now  refer  in  detail  is  of  particular  value,  not  onlj-  because  the 
electrocardiographic  curves  are  identical  with  those  already  shown,  but 
because  in  this  instance  we  have  simultaneous  curves  from  auricle  and 
ventricle,  taken  directly  from  the  heart  wall  by  means  of  myocardiograjihic 
levers.  Fig.  20  consists  of  ventricular,  auricular  and  electrocardiographic 
curves.  It  is  an  example  of  fibrillation  of  the  auricle,  and  its  offset  and  return 
to  the  normal  rhythm  (of  which  one  beat,  the  last,  is  shown).  The  first  part 
of  the  curve  has  been  discussed  in  an  earlier  section.  Attention  is  now 
directed  to  the  last  four  beats  (R"  and  R'*).      The  portions  of  the  ventricular 


*  In  speaking  of  up  and  down,  I  use  the  terms  in  the  morphological,  and  not  necessarily  in  the 
anatomic,  sense  ;  for  we  are  as  yet  unaware  of  the  direction  of  the  anatomic  pathway  of  contraction 
in  the  auricle. 
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electrocardiographic  curves  are  alike  in  the  four  instances,  and  consist  of 
R  and  T  variations.  It  is  in  the  presystolic  event  that  the  notable  variation 
occurs.  Preceding  the  ventricular  contractions  R'"  and  R'\  the  waves  P 
(P-"  and  P-')  stand  in  marked  contrast  to  the  normal  auricular  variation 
(P-^)  of  the  normal  beat  (R"').  They  are  comiDletelv  inverted*.  In  the  case 
of  beat  15  a  transition  form  is  seen  and  scarce  a  trace  of  P  remains  (P--). 
The  explanation  is  to  be  sought  in  the  accompanying  myocardiograms. 
The  As-Vs  intervals  are  marked  by  the  vertical  lines  and  stand  at  0-43, 
•043,  066,  and  088  respectively.  (The  intervals  have  been  measured  and 
marked  upon  a  greatly  enlarged  and  photographic  reproduction  of  the 
original  curve.)  (The  commencement  of  the  ventricular  upstroke  is  not 
always  as  well  defined  as  it  might  be.  but  the  correctness  of  its  position  as 
marked  may  be  readily  checked  by  reference  to  the  first  notch  of  the  plateau 
and  to  the  peaks  R.)  The  widening  of  the  As-Vs  interval  occurs  in  two 
stages,  and  can  be  seen  without  measurement  by  glancing  at  the  relative 
])ositions  of  the  tops  of  the  auricular  myocardiographic  curves  and  the 
bottoms  of  the  ventricular  mj-ocardiograjihic  curves.  These  simultaneous 
tracings  demonstrate  the  meclianism  of  tlie  heart  beat  corresponding  to  the 
electric  curves  in  question  in  a  conclusive  manner.  It  is  obvious  that  as  an 
accompaniment  of  the  decreased  P-R  interval  (the  figures  stand  at  -065. 
■066.  and  088).  auricle  and  ventricle  are  in  synchronous  contraction,  during 
portions  of  their  respective  cycles.  For  each  auricular  sy.stole  is  of  the 
same  length  whether  it  belongs  to  the  normal  or  abnormal  cycle.  The  same 
tj'pe  of  auricular  electric  curve  and  the  presence  of  shortening  of  the  P-R 
interval  in  the  clinical  example  permits  us  to  conclude  that  a  similar 
mechanism  is  present,  and  confirms  the  previous  deductions. 

The  intervals  in  the  experimental  curve  are  subject  to  several  further 
considerations.  In  the  first  place  there  is  a  notable  discrepancy  between 
the  shortening  of  the  As-Vs  intervals  and  the  corresponding  P-R  intervals. 
The  intervals  for  beat  16  are  alike  (namely,  OSS  sec).  The  shortening  of  the 
As-Vs  interval  of  beat  14  is  to  -043  sec,  while  that  of  the  P-R  interval  is  only 
to  -065.  The  discrepancy,  or  difference  in  shortening,  is  approximately 
0-02  sec.  Attention  to  this  discrepancy  is  of  interest,  and  it  meets  with 
a  ready  explanation,  which  is  in  accord  with  the  remaining  remarks.  It 
is  due  to  the  position  of  th(>  myocardiogra])hic  lever  attached  to  the  a])pendix 
of  the  auricle.  If,  as  would  be  anticipated,  the  auricular  appendix  enters 
contraction  before  that  portion  of  the  auricular  musculature  which  borders 
on  the  ring,  a  difference  in  the  intervals  would  be  expected.  In  the  normal 
and  abnormal  beats  considered,  let  it  be  allowed  that  the  impulse  travels 
downwards  in  the  one  case  and  upwards  in  the  other,  then  a  transmission 


*  Similar  electrocardiograms  (experimental)  have  been  ]>ubli.slied  by  Hering,  (  Archiv  /.  d.  ges. 
Physiol.,  1909,  cxxvii.  155)  but  in  the  absence  of  myocardiograpliic  curves  their  interpretation 
could  not  be  undertaken  with  any  degree  of  certainty.  Experimental  extrasystoles  stai'ted 
at  the  inferior  vena  cava  j'ield  inverted  P  variations,  but  the  extent  of  the  dip  is  not  so  great 
as  that  which  is  presented  by  these  curves. 
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time  of  01  sec.  for  the  single  journey  would  suffice  to  explain  the  difference 
in  the  intervals.  On  one  occasion  I  have  obtained  curves  which  bear  out  this 
explanation.  Direct  leads,  with  the  electrodes  of  Gotch'%  were  instituted 
from  the  base  of  the  superior  vena  cava  and  from  the  upper  end  of  the 
inferior  vena  cava,  while  the  auricle  was  in  fibrillation.  .Suddenly  the 
fibrillation  ceased  spontaneoush'  and  was  succeeded  by  several  beats  of  the 
heart  as  a  whole,  in  which  the  mechanism  was  abnormal,  before  the  final 
normal  rhj-thm  and  sequence  were  established.  The  normal  beats  of  the 
re-estabhshed  rhythm  were  accompanied  by  auricular  contractions  which 
yielded  electric  variations  of  constant  excursion  and  direction,  the  main 
variation  showing  electro-negativity  of  the  upper  lead  with  a  lesser  swing  in 
the  jjositive  direction  following  it.  The  abnormal  beats  on  the  other  hand, 
in  which  the  P-R  interval  was  reduced,  showed  the  reverse  picture,  the 
excursions  remained  the  same  but  the  direction  altered  from  negative  to 
positive  and  positive  to  negative  respectively.  In  the  case  of  the  normal 
beat  we  have  to  assume  primary*  activity  of  the  tissues  abutting  on  the 
superior  vena  cava ;  in  the  case  of  the  abnormal  beat  on  the  contrary  «  e  have 
equally  to  assume  primary-  activity  in  the  tissues  in  the  neighbourhood  of  the 
inferior  vena  cava.  All  the  evidence  leads  us  to  conclude  therefore,  that  at 
times  the  contraction  wave  is  temporarily  reversed  in  the  auricle  when  the 
latter  breaks  back  from  fibrillation  to  the  normal  response  to  the  heart's 
pace-makerj. 

Now  a  similar  discrepancy  has  been  noted  in  the  chnical  instance 
between  the  a-c  and  P-R  intervals,  but  a  like  explanation  will  not  apply. 
It  is  probabl}'  attributable  to  the  abnormahty  of  the  contraction  in  the 
instance  of  the  reversed  beat,  and  to  a  later  appearance  of  a  in  the  veins  of 
the  neck  under  these  conditions.  The  comparison  is  of  chief  imi^ortance  in 
emphasising  the  greater  accuracy  of  the  P-R  as  ojjposed  to  the  u-c  interval 
in  the  clinical  instance.  The  a-c  interval  during  the  paroxysm  is  not  an 
absolutely  true  representation  of  the  As-Vs  interval,  it  is  too  short,  and  the 
electric  measurement,  -08  sec,  is  the  more  accurate. 

The  parallel  between  clinical  and  experimental  curves  is  striking.  Ijut  if 
further  evidence  were  required,  it  would  be  found  in  the  relative  heights  of 
the  i)eaks  R  in  the  two  instances.  The  peaks  R  which  follow  inverted 
P  variations  are  always  higher,  whether  the\'  are  observed  in  the  clinical 
or  experimental  example. 

The  experimental  curves  show  us  conclusively  that  we  are  dcaHng 
with  simultaneous  auricular  and  ventricular  contraction.  That  there  ts 
only  a  small  reduction  of  the  normal  As-^'s  interval  is  immaterial  from 
this  point  of  view,  but  it  is  of  importance  in  demonstrating  that  the  level 


*  Referring  to  suiierior  and  inferior  vena  cava  only. 

t  Wintorbcrg*'  has  made  eertatn  observatii)ns  which  tend  to  the  same  conchisiou.  Tlie 
aiiriciUar  iniiiulses,  at  the  escape  fruni  fibriUation.  are  not  necessarily  generated  in  the 
'•  sinus,"  they  maj'  arise  in  other  jKjrtions  of  the  auricular  walls. 
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of  impulse  formation  is  relatively  liigh  so  far  as  the  ventricle  is  concerned. 
The  main  delay  is  in  the  bundle  itself.* 

The  close  analogy  between  the  two  sets  of  curves  allows  of  similar  con- 
clusions in  the  clinical  instance.  The  difference  in  the  P-R  intervals  of 
normal  and  abnormal  beats  in  the  patient  is  greater  than  in  the  experiment. 
But  the  auricle  of  man  is  larger  than  that  of  the  dog.  The  normal  P-R  interval 
in  the  patient  is  nearly  twice  that  found  in  the  animal. 

Returning  again  to  the  clinical  case,  in  Fig.  28  it  will  be  seen  that  there 
is  irregularit}'  during  the  paroxysm  itself,  and  that  this  irregularity  is  due 
to  the  presence  of  premature  beats  interrupting  an  otherwise  regular 
rhythm.  One  of  the  interrupting  beats  has  been  caught  electrocardio- 
graphically  and  is  shown  in  Fig.  30.  The  extra  beat  is  of  the  type  recognised 
as  due  to  an  extrasystole  of  the  left  ventricle.  Now  the  pause  which  follows 
the  premature  beat  is  fully  comjicnsatory,  and  this  in  itself  is  valuable 
confirmatory  evidence  of  the  auricular  origin  of  the  ectojiic  rhythm  which 
it  disturbs.  The  supraventricular  origin  of  the  paroxysmal  beat  is  also 
shown  by  the  shape  of  the  ventricular  electric  complex. 

Another  point  of  interest  in  the  clinical  curves  is  well  seen  in  the  first 
escaped  beat  of  Fig.  26.  Here  neither  normal  nor  inverted  P  variation  is 
present.  Such  heart  cycles  have  been  of  common  occurrence  in  this  patient 
at  the  termination  of  paroxysms,  and  many  such  beats  interrupt  the  normal 
rhythm.  A  complete  parallel  is  found  in  beat  15  of  Fig.  2!l.  One  may  infer 
from  an  examination  of  the  intervals,  if  not  from  a  priori  arguments  based 
on  the  isoelectric  interval  directly  preceding  the  peak  R'%  that  this  is  an 
example  of  a  transition  form  between  beats  14  and  16.  That  is  to  say,  that 
we  are  dealing  with  a  beat  which  starts  at  a  higher  level  than  beat  14,  and 
at  a  lower  level  than  beat  16.  In  brief,  it  has  its  origin  at  a  point  lying 
between  the  normal  pace-makert  and  the  lowest  or  junctional  level  of  the 
auricular  tissue.  The  same  conclusion  applies  to  clinical  beats  of  a  similar 
nature  seen  in  Fig.  26.  Of  the  escajied  beats  in  Fig.  26,  the  first  and  second 
probably  belong  to  this  category,  while  the  third  is  of  the  same  nature  as  the 
beats  of  the  paroxysm. 


•  That  aiiric-le  is  not  giving  the  pace  to  the  ventrit-le  is  certain,  for  the  following  reasons  ; — An 
increased  conductivity  would  not  l)e  expected  during  the  clinical  paroxysm,  for  the  rate  is 
increased.  Neither  would  a  gradually  decreasing  conducti\ity  be  anticipated  in  tlie  escajxid 
boats  following  the  fibrillation,  for  the  rate  is  lowered  and  blocking  of  some  of  the  fibrillary 
impulses  was  previously  present. 

j  For  the  purposes  of  the  argument  there  is  no  need  to  ])lace  the  normal  pace-maker  i>f  the 
heart  in  the  neighbourhood  of  the  superior  \ena  cava,  but  as  a  matter  of  fact  the  evidence  as  a 
whole  points  in  this  direction.  In  a  single  experiment,  using  direct  leads  from  various  parts 
of  a  dogs  auricle,  it  was  foimd  that  the  neighboiu'hood  of  the  superior  vena  cava  becomes 
electronegati\e  or  active  before  either  appendix,  inferior  vena  cava  or  a  point  of  musculature  at 
the  gi-oove  directly  l>elow  the  superior  vena  cava  on  the  front  of  the  heart.  In  several  experi- 
ments it  was  foiuid  that  the  auricular  electric  complex  of  extrasystoles  induced  in  different  parts 
of  the  auricle  shows  notable  variations.  The  auricular  complex  of  extrasystoles  originating  near 
the  superior  vena  cava  resembles  the  normal  complex  most  closely.  Tliis  evidence  points  \ery 
definitely  to  the  presence  of  the  pace-maker  in  the  neighboiu'hood  of  the  superior  cava. 
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The  conclusion  that  in  the  chnical  case  paroxysms  are  present,  and  that 
each  paroxysm  consists  of  a  rhythm  created  by  impulses  which  are  derived 
from  the  lower  levels  of  the  auricular  tissue,  or.  in  other  words,  in  the  neigh- 
bourhood of  the  node,  depends  upon  the  evidence  which  has  been  given 
and  which  may  be  briefly  summarised  as  follows*: — 1)  Upon  the  shortened 
a-c  and  P-R  intervals.  The  extent  of  the  shortening  and  the  circumstances 
under  which  it  occurs  (pulse  rate,  etc.)  preclude  the  possibility  that  ventricle 
responds  to  auricle. 

2)  Ujion  the  complete  reversal  of  the  electrical  variation  accompanying 
the  auricular  contraction. 

3)  Upon  the  presence  of  a  normal  type  of  ventricular  electric  complex, 
and  the  occurrence  of  the  complete  compensator^'  pause  following  the 
interruption  of  the  ectopic  rhythm  by  a  ventricular  extrasystole.  These 
facts  indicate  the  supraventricular  nature  of  the  rhythm. 

4)  Upon  a  close  comparison  with  duplicate  curves  obtained  experi- 
mentally, and  upon  the  more  accurate  analysis  which  could  be  undertaken 
in  the  latter. 

It  is  a  matter  of  importance  that  it  should  be  recognised  that  such  a 
lihenomenon  as  ""  nodal  rhythm,"  in  the  broad  sense  of  the  word,  does 
exist  in  clinical  medicine  ;  it  is  also  imi^erative  that  its  rarity  should  be 
acknowledged.  And  further,  and  most  important,  it  must  be  understood 
that  the  jiicture  jiresented  by  the  only  cases  exhibiting  it.  of  which  we  have 
knowledge,  is  entirely  at  variance  with  that  of  the  condition  which  has 
hitherto  jiassed  under  this  term.  '"  Nodal  rhythm,"  as  we  now  know  it, 
is  a  rhythm  in  which  there  are  definite  signs  of  simultaneous  auricular  and 
ventricular  contraction;  ti  fortiori  the  rhythm  is  regular.  It  falls  into  line 
with  the  examples  of  fast  andparoxj-smal  ectopic  rhythms,  arising  at  different 
levels  ;  in  these  also  the  individual  beats  can  be  show  n  to  sj^ring  from  a 
single  and  fixed  focus.  It  may  be  taken  as  a  general  rule  that  a  paroxj^smal 
rhythm,  when  regular,  arises  as  a  result  of  impulses  generated  in  a  single 
focus.  The  converse,  that  irregular  paroxysms  are  generated  from  several 
foci,  onh'  ap2:)lies  if  such  paroxysms  are  fast,  and  if  irregularities  resulting 
from  conductivity  and  contractility  changes  can  be  excluded. 

In  conclusion  it  is  my  pleasant  duty  to  acknowledge  my  gratitude  to 
those  who  have  brought  material  for  oljservation  to  my  notice,  and  to  those 
who  have  facilitated  the  examination  of  such  material.  I  am  indebted 
to  all  the  members  of  the  medical  staff,  honorary  and  resident,  at  University 


*  Before  lea\Tng  this  patient  several  points  must  be  referred  to  wliich  are  in  harmony  with 
observations  ujwn  other  cases  of  ectopic  paroxysm,  and  they  have  been  utihsed  in  the  discussion 
upon  the  subject  in  a  pai>er  pubhshed  in  the  last  nimiber  of  this  Journal.  In  the  first  place  there 
is  the  presence  of  the  premonitory  contractions  at  the  commencement  of  the  paroxysms,  and  these 
are  of  a  different  nature  to  those  obtaining  in  the  paroxysm  itself.  Secondly,  there  is  the  fact 
that  the  beats  which  disturb  the  heart's  regular  action  between  the  paroxysms  are  as  a  rule 
of  a  different  form  to  those  of  the  paroxysm.  Thirdly,  there  is  the  marked  depression  of 
rate  with  subsequent  acceleration  at  the  cessation  of  the  paroxysm  (clearly  seen  in  Fig.  28). 
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College  Hospital.     My  thanks  are  esiiecially  due  to  Dr.  James  Mackenzie 
and  to  Dr.  John  Rose  Bradford. 


Chief  conclusions. 

1.  An\ongst  the  many  forms  of  persistent  irregularity  of  the  liiiman 
heart,  none  is  more  common  than  that  which  may  be  termed  complete 
irregularity  of  the  heart.  It  is  accompanied  by  an  absence  of  all  sign  of 
normal  auricular  action  ;    and  it  is  due  to  fibrillation  of  the  auricle. 

2.  Auricular  fibrillation  as  a  pathological  and  clinical  entity  exhibits 
cei'tain  definite  signs.  Amongst  the  distinguishing  features  the  following 
are  the  most  imiiortant. 

a)  Absolvite  irregularity  of  the  ventricle. 

h)  The  ventricular  form  of  venous  pulse. 

c)  A  characteristic  electrocardiogram,  in  w  hicli  the  ventricular 
curve  is  of  the  usual  type,  but  in  which  the  normal  auricular 
rejjresentative  is  replaced  by  a  series  of  rapid  oscillations, 
which  are  suj)erimposed  upon  the  rest  of  the  cur^'e  and  deform 
it.  The  oscillations  are  generated  in  the  auricle,  and  are 
the  result  of  the  fibrillation. 

.'?.  Digitalis  retards  the  ventricular  rate  in  clinical  auricular  fibrillation 
by  enhancing  a  previously  existing  auriculo-ventricular  heart-block.  The 
rapid  and  irregular  im]nUses  showered  ujion  the  ventricle  from  the  fibrillating 
auricle  are  hindered  in  their  jiassage  from  one  chamber  to  the  other  by  the 
action  of  drugs  of  this  class.  The  influence  of  digitalis  is  exerted,  directly  or 
through  the  vagus,  upon  the  junctional  tissues. 

4.  Auricular  fibrillation  in  man  may  l)e  accompanied  by  heart-block  of 
all  grades,  and  the  heart-block  may  or  may  not  residt  from  digitalis 
administration.  AA'hen  the  heart-block  is  complete  the  ventricular  action 
is  slow  and  regular. 

5.  A  rhythm  arising  in  the  neighbourhood  of  the  node  of  Tawara  is  a 
real  clinical  phenomenon.  It  is  distinct  from  the  m.echanism  which  produces 
complete  irregularity,  and  it  is  a  rare  affection. 
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ig.  31.     A  series  of  expo 

CrK\-E   /. 

Leads  from  a  jx>int 
inferior  vena  cava.  The 
point,  the  co-ordinate  coj 
variations. 

CuK\-E   //. 

A  similar  ciu-ve. 
ciu-ves  the  oscillations 

Ci-K\-E   ///. 

Leads  from  two  )ioin 
one  below  and  near  tin 
oscillations  are  seen,  t'j 
and  a  slight  escape  of  cii 

CCRVE   /  F. 

From  the  same  poin 
last  curve  shows  that  the| 
fibrillation  and  auricular 

Curves  ///  and  I  T 
tions  of  the  separate  be 
auricular  oscillations  are 
R  diu-ing  fibrillation,  fo 
variations  is  greater  in 

CtTRVE     V. 

Leads  from  the  ui>|i 
centre  and  whole  lengtl 
neck,  the  lower  one  uiron 
musculatiu'e  was  include 
the  oscillations  are  show 
resiuued.  Up  to  tliis 
constant  point. 

Cnt\T2    VI. 

The  same  leads  as 
approximately  threefold, 
extent.     The  noniial  v\\\ 
the  ventricular  ciu'ves 
to  be  of  essentially  the 

The  electrode  site 
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